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AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. 


VOL- V- New York, October, 1887. . No. 1 . 


Special Mbetihg. 

Held at 136 Fifth avenue, New York, September 20th, 1887. 

The President, Mr. T. C. Martin in the chair: 

The President:— It is with much pleasure that we resume enr 
meetings for the coming season with a paper so important and 
■ -unquestionably so interesting as that to which we are about to 
listen. The attendance this evening is large, and in that respect 
very gratifying. We are not merely a New York society, hut on the 
other hand our membership extends all over the country. Attlie 
present time we have members in between thirty and forty States 
and territories in the Union, and no fewer than ten countries of 
Europe, the West Indies, SouthAmeiica, and Canada. Under those 
circumstances it can be imagined that it is rather difficult to get all 
our members together when a paper is read here, no matter how 
important it may be. 

The subject before us this evening is “Electric Street Cars, with 
special reference to methods of gearing.” Mr. Reckenzaun, our 
distinguished guest, as you are all aware, has made a special study 
of this branch of the electric moter question, and it was through 
his genius and ability that the remarkable trip with an electric 
yacht was made across the English channel, the first of the kind 
on record. Not long after that trip, Mr. Reckenzaun presented a 
paper before the London Society of Arts on the subject, somewhat 
similar to that which he brings before us this evening, and so 
meritorious was it, and such was the interest which it excited, that 
the society felt justified in awarding Mr. Reckenzaun its silver 
medal. Mr. Reckenzaun leaves us to go to England to receive 
that medal. (Applause.) 

In bringing this subject of electric cars before us this evening, 
it was thought possible that the paper would cover the whole 
' subject, but after a little consultation Mr. Reckenzaun determined 
to restrict it more specifically to the subject of gearmg, and I 
think you will aU agree with me that there is no more important 
department of the subject of electric locomotion than that. 

I have now the pleasure, gentlemen, of introducing to you Mr. 
Reckenzaun. (Applause.) 
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by a. EECKESZAPN, 0. E. 

S«rcdv„i«e months Lavepassed sinaeyoar . 

Mr. T. ( ■: Martin, presented a paper on “Electric Street Cms to 
the American Institute of Electrical Engineers I hare read thm 
excellent paper «-ith interest, and I hare learned apat deal fiom 
fc“s aTo from the discussion trldch follotred. Mr. Martin com- 
piled some very important statistics regarding the number o 
Irseatars in ac'tnal use in the United Statej and he computed 
them to number 25,ii0tl, for the propulsion of which no lees than 

1 -itJeOdO liorses are requisite. _ 

Tliese figures filled me witli wonderment and surprise,^ and 
when I read further that over 20,000 of these noble animals 
are rendered useless every year with overwork, in street railway 
service, I felt it to be the duty of every engineer, electrical or 
mechanical, to assist with every means in his power in the 
emancipation of the horse from such cruel service. The percent¬ 
age of loss given in the paper referred to agrees closely with our 
Enropciiii 0 xp 6 ri 6 ncG. W 6 know tli8/t tliG natural life of a stiGGt-cai 
horse is reduced to about four years, although it never works more 
than four hours a day. It seems barbarous, therefore, to employ 
animals for such purposes; yet until recently no economical snb- 
stitiite could be found. Steam, compressed air, gas and spring 
motors have been tried and found inefficient. Improvements may 
be made in one or more of these, but at the present moment the 
field of enterprise is entirely open to the cable and to electricity. 
There are over 80 miles of cable roads in operation in the United 
States, more tlian half of which have been laid down within the 
last five years, and there are indications that farther and rapid 
progress will be made with this mode of traction, particularly in 
liilly districts, where it is impossible to apply self-propelled cars, 
owing to the want of cohesion between the wheels and rails when 
the angle of repose is approached. 


ON MLEomro 


Oin^nliiiury with of iiuf. irM:>rr* tliaii liio p^r 

ohM^frit* |.nu''fio!t wilt t'louhtli*>-^ 1 h* MH»rt» ortiHMuni-a! aini far 
more iHinwnlviit thuM oabh*,s tV^r wt*ll kiN>\vfi n-a «^io. ouh 

in f}i<‘ lir-f, rust of n»Misfrtn*tirHi far r‘}M*a|Hn'* flian tia* ano it-* 
<*oiMluit:, !>ut f'ho t*f!ioiotH*y of tlto oltai rio otiifh 

gri‘;ttr‘r. 

It is abniittf'd iliat <rn «'al»lo Irufinvavs s<»fuo T** or I„ r rro!. ta 
t!io total availaJilo powor is inaisaifutal in flrao^'intr ili** isjhh* io4 !f, 
louvifin' a nia\inHiiu ol bo [a»r rout, for inotvinir flio oar . Hhi'isoH 
'^vith t*lo<‘fri(* IranMibssion ovor bo- prr onO. oan bo nfilirrob a-' wil! 
Ih‘ hotni by thn bhio-wi'iiir fip’orrs, wbinij 1 ba\o M!aain»-»l fr*‘in 
4*\IH*ri{in‘ntK on tho oiorfrio railway at Frankbm \u ht^viu.i^iw 
I'bis lino is vuirkob by f!io O'0orboa*t oominofor ■Oriio fr^. 

Innofli is four mui onf»-tonth milos, boroftlo' iraok aio! »o'»*mus| r.iif,, 
Ilto ontiro rnrouit uf fbo oon<-l{uOor is ou^lif ano! Miii- fMiirrh 
lonpb Jonl its olootrioal rosistonoo was oaloulai»-'fi Im bi- f #; u'hutH. 


rioooirM* A\i» <mso 

l)urinotlu‘ o\]H‘riini*nts wfvrnnl tfu twt» oiu% tto-ro jir**|ir'llisi «! 
i% spoob of srvon an*l a half inilos ati hM|.ir; t-uio of l!io'st« oiifM tf-rtb 
an olrotrio 1110101% uii*! fin* utbor was an j-uslinaiw oar affaobob l»i 
tho first* luul fbo ontiro iroi|^bit wnis asoorfitintsi to bi* h :%% fnii**, 
inobnlinj^ passonp,*rs, Klrairioal nti*iisaironronfs w*^ro fiikoii frotii 
fho byniiino a! tbo po»wor sfiilirui siinrilfanoMust^ wjili ib»' 4 Hf-oti fhi^ 
oar, 1 *bo raJIs won* in iboir usnal btrly \\ Urn rnnnitii^* 

on tlio lovot roab fbo -onoriry mM on tin- oars was b^r^to 

powor, ami itti ibo g'ofiorafini*" ♦■iuiaino |^iv-iin,^ <ni offioionoi »,f 
hlKKi por ooiiL; wboii Irarollin^^ up a i^orinl*-^ »*!" I in lb* ibr tii»4or 
ptvo oiobt bofso powi-r am-l fin* liyiniim* Ib.b, w bi*'h a^*aiii oiirn*' 
apiUnls ft» b!f por oont of f.|n» aviiiliib!i* iloofrio '1 boi*i» 

nioasiironoiiN bo not imlmb* fbo i*..fSH0^4 in ibo ih nano* .mb 

Intf it must bo roinoniborob tfiat only tW'^o oar,#* woro on ibi' romb 
whilst fho o 4 paoif\ of fbo |ifaiit at flmooiiirii! w a^ Miflinoni 

for Hoars, With i:f oar^ riiiniing nmba-" flm orbiimiw oirioMii 
afnnooH of tratllo, tbostoam oii^bnos w-oro iitilioiilob, nub tins sbowwl 
}| niH\iinnin ot If»| bt*r**o jn>waa% ooiisuniiiii» ami tioror' iMiirlb 
tons of ooal por »bp\ of lo Inaiix **r tw-u-itinl **iio ball pMinnis j»of 
inbioafob u, 0, por li air, lto»|iioo=l fi-i oar tnllos, flo’ ^*f 

ooa! oaino to T.b potimF, %Huibu af ibroo bolIiir.« a Imu* woibb ,1*4 
ono laiit por iiiilo rum 

1 fio kriuikforf Khabrii* iliiilwiiy litii* oiirrii*<l n^or bp^uipion 
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ON ELBOTBIO 8TBEBT GABS. 




passengers since its opening in April, 1884. The working expenses 
in the year 1886 amounted to S24,904, including the following 
items: 

Salaries of directors, superintendent, engineers, electricians, 

conductors, drivers, firemen, and laborers.......W,bl0 

Eepairs of roadway, rails, cars, macliinery, and buildings. 5,U«b 

Fuel (coals and kindling wood)... 

Oil and waste...:. a 

Lighting and heatings of buildings, lighting of cars and ^ 


streets. 


$24,904 


The rolling stock consisted of 14 cars, all of which were used 
on .Sundays and holidays, but only eight cars were usxiallj iTin¬ 
ning on week clays. If we take an average of 19 cars, then the 
entire expenses would amount to $6.82 per carperday,butnot more 
than one-third of this, or $2.27, can be reckoned for the item of 
traction, which should only include the wages of engineers, elec¬ 
tricians, firemen, cost of coals, oil, and repairs to machinery. 

There are about a dozen electric railways in successful operation 
in Europe, some more extensive than the one I have just described, 
some smaller ; but this one in Frankfort is worked at a greater 
expense than any of the others I know of; it has been in con¬ 
tinuous use for nearly three and a half years, and I thought that 
by giving you detailed and exact figures of onelme^ I would serve 
your purpose better than by attempting to crowd a few generali¬ 
ties of all our electric tramways into the small compass of a short 
paper. You can take this as a safe standard of comparison with 
other systems of street car traction. 

It will he observed, with justice, that the dynamos and motors* 
of the Frankfort line, which, was projected more than four years 
ago, do not yield as high an efficiency as more recent machines. 
This would leave us another margin. It is well to have a margin 
in all our estimates, for there is nothing that retards the progress 
of a novel enterprise more than exaggeration of facts, or state¬ 
ments which cannot be fully borne out in practice. 

Some people are apt to base tbeir calculations and estimates 
upon theoretical conditions. We should never assume perfection 
in the case of street railway tracks, but on the contrary we ought 
to adapt ourselves to the roughest of . the rough in order to 
succeed. 


TRACTIVE FORCE AND MECHANICAL RESISTANCES. 

We know from experience that street rails which are exposed ta 
dirt, grit, stones and the like, offer a resistance of at least 20 
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pournlH pcM* ton with t!u‘ win^rlH In inntUm. Takino: flu^ h^uletl 
<*ur at six Inns, and tlu^ K[HMHi at six iuih*s an hoar, ^vi* havr in 
V\('V\ l.‘ni laa-sr [H^warat tin* driviit;^ wliin‘K nt^rlmino* frictiiai 
of avarin*;* and inssns in thn rlanfnV inutnrs. i)n narrn»w ua‘<H>vatl 
rails, as us{‘d in Krttrland, wn alhnv a frartivn fVaa-r (»f froni ti:> to 
.’ht pnands jHT ton, Thn idnii rosistaiinn- an* rmdih ataanudod 
r<a\ wtH*n it h mnmdvml that lin* tlanp*.^ of uImm'U fro<|ucnt !v 
iakt* a ht’an'inriiu tin* dirt in fho Lrroo\t"s; at tin* stun* tinn* tho 
w Ih‘s 1 tiro- nia\ ri>ll otj tho joirlano rd tin* rail-, u hni a rouadar 
tp*iiidinir action is j»nidina*fk khirihorniona ii oi-our-. froqumth^ 
that nnrulii‘oli:v riiiiiiinp: on il> pro[»or Itoarifitf ■ urfaoo, wIdKi dio 
other, lH‘Ion»d^d'' klrr saint* axlo. Iris if. llainj'o ttnicdiintr tho 
h<»tioin of tilt’ 'O’oovo, wlion Ip virnioof ditlVroin oin-nndVrontial 
vishtfitir:s addifiiuia! friolion i... iiifrMtlnot'd. SMonaiujev ihr rail- 
ft!o a liltlo tail td aanro. All pMiiti * tin* traelivi* 

fona* nsjiii, in* uilli prokotsi raih. Ilt-Tr* in A.iiirrioa vou lanofow 
if anv siioli rail-, <a.aj:n*qnoijdv flit* ia>'ilifir-- an* .ai|ir'ri*ir; hjii \o}ir 
luril' an* nt*f .’*.o .diaaio iho.r n-j/'fl in !sn;daiid. aanl oji lin* 
ijtail of l.iinqu*, and ifto iMiiiadafi*'‘n.- ais’h.' '.". 'ial< laitfiai.- *1 fm joints 
an* al tt oaiaowliat irn^ndar., anti I'.udi,-. iviid* a’f la* fouiiiatof 

a ear \orv unsliaitlv. A rido *»n .sran** *tf flm roatl. in Idiiladoljiliia 
rrndnds olio ttf a ^ttvap* *»n ilio offaii wlim ihr j.oa is a liffh* 
naiLftn Thi'n von oro-wd uaa tdhon nit into a riir 

ultleli is >!ijqiO"aal fit IntltJ ahoui nto. All tln'Hn *’it‘ouifislHnat*a 
oonijii't iisio proviiio jdr-nt V tt| |t.MWo'r in ordt'rfliai v\vr\ ttt»>4indi* 
oan hr ovt*n*fanta 

Tin* fona* iinroH.Hiirv fVir ^iii.rfin|r n roiir^r^ lunrh ^rniilnr 

than I tin form* rotjuirm! for niiiintaiidnir a nniforin sj»rnd, luni 
r\jH*riinonfs show that this iiddal isllriii munuuU to fhna* tinu^ 
and rvi*n four liinoa tUv Iraotixa* form* »4' thr ear in nioiioin In 
dr\ \vrafliri\ itfi nnrvo« of hn |i*f*f rndim, In fracdinn 

is ilou!>!rd» atid on ihosn of Mh f*#rt nidiiiH iia'hhaf; hit! wlioii flin 
rail'** urr ttrl.diis resistimrin diir lo ri»ni)tfiiri% is noimiihirahlv 

nainrrd. With a shorf wlimul Imos on hrlirr Milk with mimll 
tnieks of nidiafiii|a iixlnn fli*Mii»*fioit on eiimsd fiiil^ is vrrv intiaii 

niisirr, 


fill X nil* xts, 

T!in elTof't of i^^rinlieitls b ii iimllnr of sifin|i|r riilfiiliitioin iiiut 
it iiiiiHt ftt* [irovitied for in tlns|||iiiit^ innl ooimfrnofin_^ a nioton 
Wr have eahnihtfri! iiliovn, linit llin iniiiiinniii rtfoetivo {tower of 



OS electric STREET CARS. 

■i -ix ton ear running at six miles an hour on the level is nearly 

V.VO l.,:rsemower.exelusiveof gear friction or any other waste. If 

wo ■•.■iv-e ro\.vercome a gradient of one per cent., for instance, the 
ro^-ineedue to gravity will he 22.4 pounds for each ton, or 
pounds for rile loaded car. Therefore we shal reqmre 
ah.,nt four horse-power to pull this car up a grade of 1 in 100 
Wirii ;i two per cent, gi-ade we must have about three times the 
power u.ed on level roads, and roughly speaking each per cent of 
grade involves as much energy as the propulsion of a given wei^it 
over a liorizoutal road, if the speed is to he kept constant. On 
Steen grades, however, it is customery to run a little slower, 
wherehy some of the energy is saved, but for a car of the above 
weight, if it has to overcome grades of four per cent, it will not 
’po Jafe tc have less than eight horse-power available upon the 
dri\ ing axles. In addition to this the motor has to supply the 
p.>w«-''wliie]i is unavoidably wasted in the gearing used for trans¬ 
mitting motion from the armature shaft to the car axle. An or- 
dinarv'street ear wheel of 30 inch diameter has to revolve at least 
TT times in the minute, in order to traverse a distance of seven 
miles an hour. Up to the present time no one has succeeded in 
eonstractiiig an electric motor of reasonable dimensions, weight 
and efficiency, to work at such a low speed, klost of the existing 
motors revolve at from six to twelve times the above velocity 
ratio, therefore it became necessary to introduce speed-reducing 
appliances between the motor and the driving axles. 


GEARING. 

The problem of devising suitable gearing for street cars carry¬ 
ing their own motor has been and is still one of the greatest im¬ 
portance. and I propose now to offer a few remarks with reference 
to this subject, by citing some examples which came under my 
own observation. The conditions to be satislied are by no 
means simple, and it is somewhat difficult to arrange them in 
their order of merit. Most engineers endeavor to retain the 
recognized dimensions of street cars, because great deviations 
therefrom involve many inconveniences, and it is wise to adhere 
as much as possible to the rules which have been established by 
custom, convenience, and genei-al utility. The fact that most of 
the street ears in aU'parts of the world are similar in shape, indi¬ 
cates forcibly that a particular pattern satisfies the demand. 
When taking that popular pattern of ear and adapting to it our 
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an<! appunittis, wi* li Ml tUut ih*- ut uiu* 

dispusal h tlii* ti(N»r and ht*f\v<*i‘!i ih** tara'jrt'and 

i’Xtrciii;*!this Niual! anpa-- ft. ii\ fl,,t- 

iHriwi.vx ha> f<> ^‘ivn thn hi^lavsl |)t»s-ihh* »»!’ a 

j):>\vt'r; it lias (o li * diiraliha vi*f liti’hf in ivtaiihi ; u 1 

vihratasa h:i\(* fn ha (%an*fiillv uvuiih'd; fha nifs-haai. m, fa^r h,. 
siniplia <• a-taiii lu its ;a*{iniu jinitaafrcl I'roai waf uii!:| nlvt, aint 
fiMa!!v uf ri‘a:a 5 Mahlt.‘How to isMidiino a!! th*'o Srt^ 

Ifaaa tilts stiij'v of av«*rv aii^idnata'w!io !ia,s luadr rlaririfMl ivu*\{nu 
Ills saritais si lid vs 

M‘i-a-a. saiaAf. roans. 

In rnoaI’d to my own ofi;o‘r\alio!;-, nnr ta’ ila- ['rr!?'- Litid.^ 
<d’ iroariiiy: in ashial no- i- ihaf on *air of ihi- mr'- rd' f!,- ftr:rn,^j 
lai'htarfVld ishsoi tm* Train way , w hirl't wa- r* .ara nirs 1 1 ' afri.i 

hid f N oars :i;/ra hy Mr,-*a-v, Sirmrn- iiia.l |lnl;do.‘. 'lid f,.r }>;i, 
napaaity tor:il ; if wri^jh ■ whm lanpi^- :t.!' and 

ma.kns a sjMMMl of l::f mihv. an hour, Tho rlrotrio i... la, f 

niual uiidor llio lloor in (ho t*i.mlor of fho o.:na fiauaa if,", 
parulhd ft» (In^ a\los. On tlii‘ mofnr --haft i- a -.man o;,r,f ii%o,i 
jMiIlay whioh !ms :,fV \ -^larotaTS o.fi ifr rinuanti wilhin il.r-a' n’toiwr-f 
Work an oijual nnndior rd spiral wiro n'oi'd'^s whioh iraii and d|io 
inoliun to laalh axiosof fho four.-wdroidor! oar. Tl,ii" a\fo.. o.ir,t‘i flio 
!nr|Xr pnllfws, ono of wldoli has ftt oiaor\r-,.. itn ii.- oa.roainn is ao> ,, 
and thoofhor hi |,rriH»vass oorrosjHindiwaf h fho'-s- **0 i,,|ir pidhw 
on I ho motor shaff, Tho wlnad haso i:. fivo frof nino inohr^ 
t’onMajtimiUy thoro i,s only a di-iainoo ui fwo fVr-i frai -md a hdf 
inolu’s holuoon fho ooiiira’s »»( t.ho ♦'SMimi‘of«-r| jatilrv'-. 

'Fho oords aro mado of a |»air of siisd wirr-., w.soiyl rl- »•!■:, 
npoii a mamlrol of alkali *mo-o‘io|.ni.{ ^f an inoh in dim * o-t. and 
whon llio matidnd i- withdrawn ihoro r*anaifi-> a od. w ’ 
spiral, uho.'vo oxfo-rnal diamoli.sr i,:-. omroidv .<! :;ii 

\\ hon out fo flio p,rs»jior h-irLttfi flio-o rnusl’, rn'r „ f,;*,,•|ofi!,,d »r„. ,t| 
l!ii^proo\o-. and OMimootod at fho onds In fii-M .<f ft>, j ^ 

and a sfool link. iv\iH,avimoiif,:'. imido wdih flu - o»-u- d, -a-d flut 
<d|^hf •^»j>ira! oor*|n suflioo for frmiMidflino iho jiowor Im ihr 
a\h*s whofi I ho oar was ful} of paKsmioor^ and m- flinr an^ 
aotnidly dT oord-., tho marudn t*f taiiofy wsis doonmd iii».ro ifiui* 
Millioionl. It }. a }d«sa,-iiro to ri*Io on ihis^ our; fhoro it no m»i r 
nr vihndiom and I was told liml fho Hpiraf^ hnl a I tiiiso d 
oiirofnlly lidjnsfod; Inil this riiofhod i.-rf iraiisnikfdnn i- tioi snfli 
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ciently positive to warrant its application on steej) grades. On 
this line there is no grade of over one per cent. rise. 

CHAIN GEAKINC. 

. The second ear ontheLicliterfeld traiiiway, which, l>y lh.‘ way, 
must be regarded as the oldest line in the world, as far as 
eus successful operation is concerned, has chain ot aiing. 
motor shaft is provided with a small toothed wliec‘l, and niio ot f lio 
axles carries a large wheel with teeth to correspond to tin* -ap- m 
the pitch chain links. This mode of traiisnussitni i*au>c. .oanc 
noise and vibration, and this car rims slower than llu‘ <alior wnli 
the same amount of energy. This isaccoiinitHl ior by the gn*ater 
friction on the surface of tlie teeth, as well as by t in* liending <ind 
unhending of the link joints; theiHMs, besiiles, a constant proba 
bility of the comparativady liea,vy ehain being thrown oil iauin’n 
tially by caaitiifngnl for^^^^^^^ ,»l>ut this kiinl ol gtatring turirndieiH 
an absolute or positive motion, wlii(*h (*annot be relieil t»n by 
metliods depending u|>on frictional adlnsion aloru*. 

Sonie four years ago, I appli(‘<l t wo pit(h<‘d chains, tuur font lird 
wheels and coimtersha,ft for |)rop(‘llinga, lu‘avy storagi* baffory oar 
in London. The chains of sicid and substanfialiy math*; 

the wlicels of pliosjilior bronze correctly shapod. 1 loiiml ihaf llii’ 
chain on the fast-rruming, first motion shaft, ratfh‘d t'nm idorably, 
This chain stretchecl a Iitt!(‘, when t.h(‘ lirdvs lH‘gan to ritJc upon 
the points of the teeth,aaid cnentually In’oki* tin* Icctli ol tli*' -mall 
wheel on the armaturii shaft. Previous to that I imjp!o\od umc 
other gear, which will 1 h‘ mentioruMl shortly, 

Mr. Trail, the manager of the ihu’trush Llcinric Kailu ay in 
Ireland, has been more fortunati^ than I with chain go;u\ but In* 
is not perfectly satisfied, ami ht‘ is now iexjicrinnmting with h<uuo 
thing else. Pitcli cduiins a <m flic Pav.hhrouk Nb-wri, 

Electric Eailway and on tht^ liyile l^i<'r cars. Mr. Ifolruvd Smifii 
adopted tliis mode of transmisHion on tlH‘ iin^t cur-- nt Pl;n*kpfHtk 
in England, but he has sinca* clumgtal it to worm gearing, nith 
which he is better satisfieil. 

(X)NiaAn nisKH ANiMaij\txs, 

About five years ago, 1 had tlie idoa that it miglit be ad\aniii 
geous to vary the speed of a car mechanically without intrrfrring 
with the motor or even the BUiiply (finmit. I tof»k out a paiont 
for this in 1882, and applied it to the propulsion of a large nireef 
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car. The motor was carried by a frame supported upon the axles 
by bearings and springs, to counteract the effects of vibration. 
By this arrangement the whole apparatus was rendered inde¬ 
pendent of the car body, and it could be easily detached. The 
speed pulleys consisted of conical disks, which, when placed face to 
face on a shaft, each pair formed between them a grooved pulley, 
and by shifting these disks on the shaft towards or from each 
other, the said groove could be made wider or narrower, as desired. 
Two pairs of disks on different shafts were connected by means of 
a chain, the links of which were surrounded by wedge-shaped 
pieces of leather. The cross section of this chain band was thus 
shaped in order to fit into the V-gi'ooves offered by the cones. 
When the said disks were pressed closely together, then the band 
assumed a position near the circumference of the disks, but when 
the latter were separated, then the groove widened, the band 
changed its position and run on some portion of the conical sur¬ 
faces near the center of the pulley. Thus the effective or acting 
diameter of the first motion pulley was varied at will by pressure, 
and the cones on the second motion shaft followed suit automatic¬ 
ally, because the length of the band was constant, and the second 
pair of cones was pressed together by a strong spring. This 
arrangement looked very nice, but its efficiency was low; there 
was a great waste of power through friction, and we finally aban¬ 
doned it. It worked silently; it was strong and took up little 
room. The band slipped often when the car was starting, or 
mounting an incline. 

STRAPS AND PULLEYS. 

Mr Volk, of Brighton, England, employs leather link belts with 
great success, for transmitting the power of the motor to the car 
axle. This railway has been in operation since August, 1883. Mr. 
Voik tried first, single leather belts, but they broke every day or 
two ; then he used double belts with little better results, and some 
three years ago he adopted the leather link belt, which has given 
entire satisfaction. I have seen one of the latter which has driven 
a car over 60,000 miles and it was not yet worn out. These belts 
stretch when first put on, the bearings of the countershaft are 
therefore made adjustable by means of a slide whereby the slack 
inay readily be taken up. When starting the car the belts slip a 
little, but this is not considered a disadvantage. There are no 
curves on the Brighton line, and I often wondered whether this 
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-OM till* vt‘rv >!iurj> 

iony ill fa\i»r nt hiik 
111 tor a rt,i{!-!♦!«''r’alak* 

time and running tliem at a gmit vel(K-i<\. uu - >■ •' '• ' 

attaches the motor to the car body in order [ 

of the existing flexibility of the car sinaiigs. Mr. \ an 

link belts, I tinderstand, are made of steel, with .--i.e.a:!! b'-ai'- ne: nr 

faces; they have been used on a line of liisconstni.-ii.,n at W uei- r. 

in Canada; at Scranton, Pa., he emi>loys simr gearing. 

I^PUR (U'lAKlNU. 

Tliere ex.i.sts a \airiety of on tho f.H.ihrtI 

wheels in eoniiectiori witli electric*, motors, ami each 
based npciii actual experience. I have semi sjnir p-arim,.^ m. d <ni 
electric ears in Europe and in tliis country, and I mm 
all I know about it. The first 1 saw was on iln^ Mtmdhne hfm, 
near Yienna, in Austria. The noise cnaitiMl there wa> fiof very 
great, but there was omisionally some trouble dm* to fin- nufifoc 
ly deterioration of the teeth, dliis was especially remark 1 bv tlu' 
manager of tlie Frankfort Kleetri(* Railway in < iermatt \. h !de!i i» 
constnieted on preidsely thd sanu* ludneipies, wifh t be ddlVavnce 
that the former runs through a (‘ountry «listri<*f where fle-re h* 
much less traffic, and the rails an* laid on tin* top. of fraii m lee 
sleepers like a steam railroad; then* is less du>! and miid f»* e»m 
tend with. l>ctw<‘en Frankfort and i )nenhae!i on ttu oilea |i imh 
the rails are laid througlj impulated strei^t s wla ivlo all di 
advantages of city traffic an* hrought iiit<» play. I uv -m ,e c-m *0 
the cars on this line is vauw noisy ami it wea.!*... mil puieUm Tlc'< 
train of wlieels consists of a pinion on t!ie mofr*r ,did;lf b.e^ oic ,| * 
teetli, vvliicli gears iiib) a sjinr wdiee! of :»i; treifj hem d np-cf & 
(xmntersliaft, ()n this countershaft is a pinion of a; fitth o { 
this drives a spur wliec*! of o2 t<‘ettu fastened |o fin » n s k ! f.« 
velocity ratio, tlufrcfons is as ! to tiji, lielween ih* perdk 

and tlic driven axle. The armatun* tiuiken about o.* i i# •. Mnffaoi - 
when the car travels at the rate of seviut amiii imli inih .m hotu 
Thepinionsare made <.)f li-anl giin inetah and thv\ w .-nr ouf m .kf.oni 
a inonth. I have setm a number of npeeiod pini.m. th.r n « eu o! 
which were gniiaid into the shape of a line w edpe. *1 la pm w le * ki 
are of cast steel aaid they lust about fen inonf !r* w Imn in ^ muI jmiom» 
service. I was surpris(*d to sei* these; mid w luO w Sfh ih* l!i»' 


method of gearing Mmnld satisfy the terribbs 
curves which occur on some street nulwiiys 
Mr. Van Depoele lias given a liigb testin 

1 In. /-ir\T'iD+T*n/'*t flttfU* iisiim’ tin* 
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excessive ■weight and other drawbacks, it made me more 
than ever prejudiced against such a mode of mechanical trans¬ 
mission on street cars. My views on this point have, however? 
been somewhat modified since I have been in this country. I had. 
the privilege of being invited to assist Mr. W. Wharton, Jr. of 
Philadelphia, in fitting up an electric street car. There we used 
a set of spur gearing which was suppKed by the Sprague Com¬ 
pany. In this case the motor shaft, which runs at from 600 to dOO" 
revolutions a minute, carries two steel pinions, one at each end of the 
shaft, and these pinions gear direct into two east-iron spur wheels 
upon the driving axle, without any intermediate wheels. The 
motor is partly suspended on the axle and pai-tly on the body 
of the car. We have run several hundred miles with this car 
under all conditions of load, gradients, and weather, on some of 
the roughest tracks in Philadelphia, but up to this moment not a 
single hitch has occurred. The gearmg is practically noiseless, 
it is efficient and strong, and I see comparatively little indication, 
of wear. The teeth are beautifully shaped, therefore somewhat 
expensive, but if they last long enough, and if they do not rattle 
when partially worn, this expense can be ignored. This car 
contains, besides its usual weight, about 3,200 pounds of storage 
batteries; it has to mount grades of 5 percent., and run on curves, 
of 35 and even 25 feet radius, which means very hard work. 

FEICTION GEAR. 

There is something quite fascinating in friction gear; it offers 
the advantages of simplicity, noiselessness, and theoretically a high 
efficiency; but as regards certainty of action and durability, it 
occupies a low porition in the scale of appliances for the trans¬ 
mission of power. The late Professor Pleeming Jenkin devised 
an apparatus a few years ago, which he called “ nest gearing,” and of 
which great things were expected, and indeed it was regarded as 
the most perfect frictional gear ever invented. 

Professor Jenkin arranged several rollers within a ring ; these 
rollers were in contact with a central friction wheel which was 
attached to the motor, and the outer ring was connected to the 
driven object. It is well-known that in a pair of friction wheels 
when running together, the contact surfaces are exceedingly small, 
the pressure must be great, and consequently there is a rapid de¬ 
struction of the said contact surfaces. Now, by placing a number 
of rollers within a ring, not only are the contacts multiplied, but 




there is a perfectly balanced pressure upon all the w.irkin- 
This kind of gearing, made of the best materials and <>! I lie linesl 
workmanship, has been applied to the tedplier line at (llv ude. li - 
efficiency was tested and found to bo somewhere near pm- eeiti. 
In the case of telpher lines the motor and its atlaidimeni- an- vu II 
out of reach, suspended on tall posts, theretore dii>t and dirt can 
be absolutely excluded. The energy transmitted between the 
electric motor and the driving wheels averaged miU I.e li.>r r 
power, and yet with all tliese advtmtages ami the great I'.ire 
exercised in its construction and use, this gearing retn-ed ti< aet 
after a comparatively short sjiaee of time. 'I'lie experiment wnre 
watched with intense interest by all whn made nieelianieal eirnce 
their profession, and especially by those who were .veekingelleeiiM' 
means of transmitting motion from (deelrie muter.-. .\!ter a 
number of exhaustive tests, apparent imprevenienls and mudilie.H 
tions, the Inventors of this ne,St gearing promnineed it a taihire, 
and finally resorted to chains and cog-wheels. 'riti- Inet, eUalt 
lislied after prolonged and most persistiuit ellerts on the jiiirt oi a 
number of the sinartest inet'liiinicitm.s, sliotiid be a warning I" all 
the advocates of friction gea,r fur street e:ir prupnlsiun. 

WOi.-M OK.XIMNll. 

Dissatisfied with the results <d’ my early e.xperiment . I v<- ulM-d 
to fi'ive worm gearing a trial. I (adkaited all llte data 1 euidd lind 
in text-boolvKS, and frnni the (»x])t*riDtK‘o of utliDr .\ll ifif 

different autlioriiios aju^reial on out* point, aufl tfiat fht- 

efficiency, or ratlier the want of (‘fficdoiicy to Horiii 
According to various stattniuMits the /o.sw uith tin ^ lUMiir m| 
transinission was put d<.nvn at from llll Tb jjcr ooiif, 
seeined to rne a teuTible waste of power; I was thmo im ooh. 
engaged in the prol>lem of utilizing sttn*uge bntferirN for i*iir 
propulsion. Storage batteries were at that time in di-roputr 
generally, and as for putting these eumbDr.^omo thing- tipMU nr 4 r 
the very idea of it was ridi(^u!e<l by eoiiHervafiMMuindni men, 
Certain would-be experts [niblished tludr \iews on tliih Hubjonf 
and they endeavored ti> pr<ive mathematieidly thiif lie* bat fori 
could scarcely hold sufficient energy to propel itr* oun woighf, niifj 
that .mo,re tlian 50 per mmt (.vf iln.^ power gi\'eii hy the rleirgiiig 
dynamos was lost in tluj pnanssH of transhirmatiom It {!ie\ had- 
known at the tinie that I proposed to introdner liimihm* ema-g) 
consujniiig apparatus in thewfonn (d worm gearing the) wtmld 
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have declared me a lunatic. There "were, however, quite a num¬ 
ber of extenuating circumstances which encouraged me to pursue 
this question. I knew, from experience, that the storage battery, 
if properly constructed and used, could return more than 7(> 
per cent, of the energy expended upon it; I knew also that a 
certain type of cell could propel several times its own weight at 
a speed gi’eater than that of a horse-ear. 

With regard to worm gearing, I found that this method of trans¬ 
mission was used for hoists and for actuating machine tools, and 
that in some cases it has been working for twenty years without re¬ 
quiring any expensive repairs. During all my researches I failed 
to discover any reliable data on the construction and use of a worm 
which had such a steep thread that the worm-wheel could cause it 
to revolve. I did not come across any publication with figures to 
show the efficiency of gearing whei-e the worm-shaft revolved "at a 
very high velocity whilst transmitting considerable power. Just 
at that time the valuable researches of Professors Thurston and 
Kimball and hlr. Eeauchamp Tower, on the subject of friction and 
lubrication, were published, and these revealed the fact that all 
the long-established laws on friction were entirely wrong. The 
e^eriments of these scientists proves conclusively that the coeffi¬ 
cient of friction varied with the velocity, and that it decreased up 
to certain limits, with an increase of speed between lubricated 
surfaces. 

Pi^hermore, it has been demonstrated that the coefficient 
of friction between the lubricated bearings is not .1 or .2, as so 
frequently stated in text-books, but .003 and less, and that even 

with moderately bad lubrication it amounted to only .01. All these 
and Other considerations encouraged mein the belief that there is 
a fraitful field for further investigation, and I designed a set of 
woim gear of the following dimensions : Steel worm, turned and 
polished, 6 inches in diameter, 6 inches long, treble thread of 2 
inches pitch; wonn wheel of phosphor-bronze, trimmed teeth 
15^^ inches diameter, 3^ inch face, 24 teeth. Eatio of gear, 8 to 
1. The worm was fitted to the spindle of an electric motor, and 
the worm wheel attached to the axle of a street ear, which was 
supported on a frame with bearings to keep the wheels off the 
ground. When running empty, with the worm out of gear, the 
motor took 6 amperes of current, and when put in gear, but with¬ 
out any other load, J.JS amperes were used to drive the appara¬ 
tus at the same speed. Prony brakes were then appHed to both 
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the motor shaft and the car axle, and the power 

each at a given e. m. e., current^ and stiew ^ ^ ^ 

gearing was calculated hy dividing tlie ioi^( -po« ' I -I' ' . 

the axle by that measnred on the worm sliulf, ami ue .on.d iim< 
the useful effect increased with the speed, viz.: at .em irMMiie.n. 
of the worm it gave 80 per cent; at oh) revohitmn. per 

cent; at'676 revolutions, 85.1 per cent., and linallv ai ..o i.-vn 
lutions, 87 per cent. These results were then mnipaivd « ,i!i the 

electrical energy supplied to the motor in .'aeh expennu-.,t and 

they were found to correspond very closely, ttlter the n n;d .-lee 

trical losses in the motor itself were tle.ineted. Tim im-ehanma 
horse-power was thus cheeked by the electrical hoi-.,- p,.u..r, and 
at last I applied the well-known formula for t he etliei,.ne\ ui^ u .mm 
gear, which is given in every book on meclitmietd engineeiing. 

P 


cot ^ 


cot { 0) 


Where 6^ is the aii^le of the worm thrcioi, 
fi the coefficient of friction, 

T the radius of the worm, and 
(p tlic angle of rei>ose bctwcim mclal uml iiictat 
6 gives tlie efficiency tlu^ pair 
If the coefficient of friction is taken at .olh, flimi flic tilicicncy 
must be 87*5 per cent* 

By means of the above tests and the formiiht wc vmi tiinl the 
coefficient of friction for the various s[hh*<1h. 

When this apparatus was attached to the «ir, 1 foitm! flnil it 
required less current to propel it than it did j>rcvion?.!y with l!te 
chain gear, therefore I have adopted worm gear ever mun\ Mr, 
Holroyd Smith tried it recently on his cars, as ulmidy i^ntfcd, iimf 
he told the meeting of the Society of Arts, in April tlmt lie 
found it the most effective mode of transmitting lie* pnwm* frt»m 
the motor spindle to the axle, taking all points int* * con to mi 1^0." 

XT—marks closes a short ami im*ompteto rhaptrr *m 
are other kinds of gt^arlng whioh I Imu' ma 
cannot do better than h) h^avi’tlic Mihj^nc in 
nbers present, who, 1 hope, will snppl*ourni, 




D/sai/ssioN. 


i.n 

<*nti<*isr ant! ninniid tin* (j!)Hi»rvutIons iHninn fnrfh, and t!irrrh\ 
adfi In tin* i»’<*iit*ral kiinwl<*f|«**{M>r Hnnuf iIh* impKiiant fMpit*-. 

u{ tiu‘ (lay* \XV art» (*t>ntinually adviiindiipti t’V(*rs h<»ur mark' u 
Ktrp iarward In tin* ^\iiH*vhS, I’iit* ^i^rattd tnana'al |*rin 

(‘iplas ()1 ihi' ckM-trinal trnnKinis>i(Mt <»f nnnruty ar^ m»u \^(dl nn»lri‘ 
*sn.>od^ imt tlnav an* y«»t many (»t!n*r wa\>» of addiiiLT 1*^ flm ^iim of 
human kin>u'{ndp,\ a^^ for f\itm|ilt» in following tlH' (infai!'- of 
noriNtrurtiom (*vt*ry ativ ttf \vhn‘h will add in nn a nrr fo fin' 

final triumph, Hvmi hy rrlntintj^ mir mi-^iako;. and failuiv 
anrv(* a puid piirjH^Hf. Timm art*/' Miid rroti* <Mr >vh4fim'* 
d hninpxun half f(U’p»H(*n <d»:st*r\mtitMt^, {Uiroun* nn il. un» \ 
plain(‘<h and (d’t(‘n (*xn*‘piioim! in «*harmi(ua tay onr »n' u !ii»’h 
luH a tiijLirtdfi<'anc<* of if;”* own rn>idual [tlnmima'ita, r\rr\ mu*' of 
\^‘!n’<'h h\ to tin* i|{(» maiu (tf a \ atm* hnyoiid pri»'*\ l!o win* 

illvt*,aipil('-'i tIn’ui pa!iniUly may find tin* i*iim to lindr mnafiiiio 
and map a ri(*h mwar<! from tln*m Tln‘y nw ifm tlmn'r p.i^a in 
tin* Idid*' nninl (d’ (liMu^vorv 


I h s< 

ini, PK’siiti Ni ; (fill- v;ilu,t!ii«' inijnT fti « hifh t Hij 

havr ii«|j*iii>il iH iitAv t«ir <ii*ru»»iiii)i, If i* iiiit»ri»! {!}«• 

«irctiJii*tiiti<‘t‘K thill »«. we litivi’ Mi', I£'l■!^l•ll/l^Ull w ill) n* lint 
luui H* 1 h> in nl.uiil Ifiiviny ft*r Ktii-Mjic, «>• t,, 

Kjifitk. jlut him ill till' wiliu'HH !imi jiH/T'h', iHc! luoin^ 

him i,iih (iiichtiitiiK. in fhiiJ win I huv.- hm tlniita H.-iv.iiil.i 
j^i'fatlv ii'lfl t<» niir hlui-h of iriffirnmf j.m mt iln- miltj* ci. {iut J 

kimw Mr. Uffkrtiziitm wmil.l, if imvthiiitf. pr.-fiT h 
mthiTlhim u M-rinH nf tiili'mijfiifimn*, nmi I think Mini >*n slm 
nmtfT in'.-M'ihml li.-f.nv u* JMuijjhl. itmj vvirh Indf tin- p-nih-mim 
in ii! nu huH't' intfr<''>ti‘ii in rnilunvx u« inn it\ 

(•h'l'frii'itv, thi> MihjiTi rlitnihi ii>»f hii’k vi-ntihiiixii, iimi ! ii’tiiuri’ 
tt» hclii’vc ihnf. ^!l<mhl tUiv pmlhmnui ilnxirn !>> w.nn> .*f 

|Htint* witii Mr, Unnkcm^ium, Im will Jiml « f.-mimi, tt..rihy 

(d lUfi rdrnk 

ini- >'i ‘ It! t iin : I InTi* i* mui* |«hnl in l•l»ntl••>•l^»Jn viiifh tim 
wtirm jfi-iirititr whi«-h 1 hint’ lirjiril refnrrfij t** lifft.n'. nmi f |,ri. 
Hiinir. iih ,Mr. i:.-ckfm<.mir> ntuim him nn-miMimil in .'.imm. iiMn 
Wiflt i«. h- rim ;;iu‘ n- ftirllmr nml llwl U fin- imiu.-r ..f 

phrintlimi. 1 Mn.h-n.nMMl w |n-n thi». (jiUM.limi wit* u}i hrfMr.-. iSmI 
in hi-. i!M- nf tturm |.n-/irintr f lin worm wim riili in ..il, mnl if m>, | 
wmthl hr j»lrufM*ii n. hrnf Hutitti* fiiff!n<r lii’liiilH, 


omelectrig street oars. 

., makincr a sketch showing the worm and the 
Mi:. Hr-CKE-N-z-vr-N (inawn„ The thrast bearings are 

wheel There is a tin box completely 

thy made of several ^ 

the gearing, having ^ air-tight. 

:; ,..x. The gf--! Je! iuBt to start the thing, 

ii t .•; place ii,cites of oil at the bottom of this 

"■■ ■■■'‘" 'tVTlw tee is. perfect, contmuoue, atitoeatie 

--‘ ■-■-■•■■'-‘h ^ I vite the worm, and there will be snfhcient 

. about inside the case—to keep 
T'- w.ste,f 

■' ■ :“,ve ■! perfect lPpric«tion that cannot tail at all. I 

fi Vce onlv qnerfi«n tte Mr. Pope asked noth 
1.,:;, ,l.e lpl.ricrfion. of cocae yon «in nse any pl...- 

'‘r'. h.V«-idi Some liibricanls are far- more eaicient than otheis. 

h‘ ,; ' a- .-e'sl,o.,k!n,e the most efflcicnt Iphnoant we «... set 

a, ".'..hmirket. With regapl to the fi-lction snrfar* of the won,. 
;;.'.te There mentioned that that is made of pi,osri,or.b.'0.,ac 
.hd tie worm is .nade of steel. These two metais havo a very 
i,',w eiwffleient of friction between them. The worm is, moreover, 
turned out of a soiid piece of steei and perfectly polished. I he 
phosphor-bronze wheel is a toothed gear, the teetl, tlioro.igl.ly 
Irnimed, and also polished inside. They have, tliereforo, a 
n'rfeet wearing snriace to start with. The worm gearing works 
fnr a coiidderahle length of time without any appreciable wear 
on the teeth ataU. I think a perfectly eonstracted worm gear 
oiiaht to run twenty years without renewal if properly lubricated. 
The preiudices against the woi-m gearing will soon wear away. 
Up to the present time it has been constructed on anything luit 
scientific principles. The teeth were at a yery small angle. The 
material used for the worm was frequently cast-iron. The worm 
wheel was sometimes made also of cast-iron. Sometimes tliey 
made wrought-iron worms and east-iion wheels. 

Me. Joseph Wittzlee; I would like to ask Mr. Eeckenzaun if 
he has ever tried to use a worm which, instead of being cut cylin- 
dricaUy, has been cut radially so as to conform to the radius of 
the wheel into which it geared; that is the Hindley worm of the 
hour-glass form. This form is said to he more efficient titan the 
straight-worm. 
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Ml;. lu'icKicxz.M x ; All flic w*)riii 1 have cnn.sfnichal 

lias t!iad«‘ un iIh* phin uf it «>ui t'vliialriraih' 

Mi; r.O. M au,,.u, x: | wunl.l like foad.i l.v\v.av uf hif.iniiaf i<.,. 

tliiii Mti.-i Inriii n| wnnii tile verv (ir>( rhat wa:, u<e.l |f j’ 

'!"• '--l•■l•l•;ltc,i laeelianieiiu, enn.ia,.er 
lliiiillev, wlm tir-r fle\ i^e.l the vvertii. am) it wa- in fha! r,,ian 
flial lie nave il In the werhl I he hear n'la v- rMrm a> he e;t!le,| i( 
lhe.shai.e et Ihe t.-,.|h h varie.l a, lhe> muanl the ,.,i.h near 
Uliieh llan jti.iiK iitwartilv in a rmlial I'eriii, ji. Mr. Wei/.leriia. 

With ivmir.l n. Ihe wuriti, 1 have w.uehe.l niih inierot; the 
eveliilien te ,..|.e,-,k, „t' nieaii- ef I ran - lie'• ■ i.m ir.mi tlie lueter 
avietu Ihe ear axle, an.l | am verv well pre|.are,| I., ;enve with 
•’fir friem! Mr. lh eke,K.,.,i,„, thai it i-tneh.nhiehh ..f the iu„v; 
"•‘!''’i'laiil i.ru|,ieiii> that we have i,, .leaf with hwiav. in faet’ 
i iiiav rav that if i- the ..iilv reniaininn mikimw,, .|i,.,‘„iiiv ii, ,he 
-* -'''■';<'-ieal iraeiinn. The |.r..!.!eiH M) he. i..ni „,5 m,.! e,.,e 
ti'iietiiie eleelrn- iiiMfer ha a-haiieeh i,v H,e .1 -i fanee I,f wt.rk- 
er-, iiialheiiialieian ainl ..iher-. imiil ii i, f,.,i.:iv a .|Ue.fi.,n 
-ntmieerii.m y.ni ,ih.T.i aw uh„.,>, ,,arely; he n.ani.er in 

uhieh we ;..h.Mihi ,.| ,j„. eiier-ry i„ r reieler it avaih 

M'h- lnri„uvi„..thee.,r. , I,..I. Ill, ierll,i.afeh . .... w ell eare ef • 

aiai the verv laet tiial vve .M-e..e „,ai,y ,ii ver-itie,i alien,nin n, meet' 
<lH-Nevere re.iniremelit,., tthieh Mr. K*eeie„/a„M him well plaeeii 
fH-l..rens..slmu., Iha' a .aiii.iaeterv M.hili,.,, ut le.mt .me that m 
almlaeiury luevmwl....|y ha. imt veil.ee,, mHehe.]. S.,,,,- „,e 
'erv imielj j,re,ii,sj,M.,.,i in |„VMr .<! helii,,.;. ..ih,-i->. i„ i'uv,,r uf 
.l‘:earilte l,-ieliu„ aiif.liaiie.-... ele, \,,w (here i. m.itm j 

IH-Ii.'ve a eeriaii, amuiim uf eum,.etiii.m hi twee,, .iiihaamt fmmm 
el .rearm m leav awMe f„r th.- j,re.e„f. uth.-r ima!,...!., Miel, an 
r llll.r, eti'. here i^ ,,, |,e M.me .iiveri;e„i-e e.f u|,i,,i,„, h,|. ,H,,me 
‘"'I'' *'■ a . lu w hiel, e ,he he.) ^-em-in^,. I,;x.,e,.i. 

im'iih. hav.- hr.m ma.h- h.v very ahl,. j.erM.,,he .Jeel, jitiil m. 
>‘iM"Mri,v all Ml Ihem i. UMwiMny. (he w,,n„ a m„e|, 

Hl.eieney than lu ll.e i huvei,, 

mu..lMn,a- .-xi.eri,„em. whiei, were m„.Ie nmler (he h-e. nf 
Mey.r... ,Ne| em. ..1 1 •h,lH.ie!|.l,ia. ii. wJiieh (hey M.Myhf (u tfmr 

Uliehly tu the |,uf(,,m ,,1 ,he ,,r,,h|e,„, f,, „r,'ive ni 

eitiMuti ,m tu Ihe relative elheiemacH „f the varh.tm fun,,^ uf ^e,„-. 

inp IheceMih^ i,ifai„e,| ^hewe.l (}„. ellhheiiev ,li,l 

mere,m,-With Ihe ,.j,e..,i. ,m Mr, Ihvki-ti/aim, h„„ «(«(,‘.i. hut timt 
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tins efficiency did not increase always with the speed; that it 
reached a certain maximum just as 3^011 would expect; and a yery 
curious circumstance was that the forms giying the highest effi¬ 
ciencies w^ere those twm ordinaiy direct spur gearings in which the 
shafts are parallel with each other. Starting from that the}^ made 
experiments in which the angle of the two shafts was gradual^ 
increased so that there was, so to speak, a gradual transition from 
the form in which the two shafts were parallel, to that in which the 
two shafts were at right angles to each other, as in the worm gear. 
We may say, in fact, that worm gearing and spur gearing will be 
the two extremes of a certain scale of transition, intermediate 
between the two extremes being placed the so-called helical 
gearing in which the teeth are placed at an angle in spirals. The 
results obtained by the Messrs. Sellers, or the persons who car¬ 
ried on the experiments for them, showed that the nearer they 
approached the form of the worm, the lower was the efficiency. I 
have not in mind the figures of the efficiencies, but the experi¬ 
menters themselyes rather left us in doubt as to the yalue of their 
results, by referring to very many circumstances which, in their 
opinion, would yitiate some of the results obtained, and there were 
certain conditions of the operation of their apparatus, etc., which 
they were not exactly satisfied with. I must say for myself that I 
liave alwaj’s looked upon the worm with more or less suspicion. 
"While I w^as not prejudiced against it, particularly after seeing the 
beautiful results obtained with it by Mr. Eeckenzaun, in England, 
yet at the same time I felt that it was to be taken under proba¬ 
tion, so to speak. There are some disadyantages, I think, which 
are connected with the use of the worm, and one of them which 
occurs to my mind just now is the difficulty in running down hill 
when the worm is fastened to the motor shaft. When an elec¬ 
trically propelled ear runs down a grade it is usually found possi¬ 
ble to shut off the current in a great many instances, and this, of 
course, results in a certain saying of energy. ISTow, unless the 
pitch of the thread was properly calculated, it seems to me that it 
would be somewhat difficult for a car to moye down hill with ease, 
because of the well-known difficulty of moying such an arrange¬ 
ment backward. It is very well-known that a thread can be used 
to turn a toothed wheel, but it is very hard to turn the thread by 
means of the toothed wheel. I understand that Mr. Eeckenzaun 
has met tliis difficulty, though I do not know whether he still con¬ 
siders it one of the things to be remedied, or whether he deems 
the remedy that he has proposed sufficient. 




DISCUSSION. 


Now, turning back to the other form of transition, namelv, tin* 
pinion, wliieli I imve said is iikelj to he one of the oj.ponelits or 
rivals of tlie worm system, I have in mind some form of tliat kind 
which I saw in use a year or so ago, which it seemed to me was 
very well adapted for the purpose that it had to serve. Ileeoij;' 
nizmg the fact, of coni-,se, of a great tendency to wear, in tin' 
pmion or in the gear wheel, and akso the gia'iit tendemo’ to (he 
production of noi.se, a .special form of pinion had l.een ilevist-d. 
Tims wa.smade !)y taking amimber of thicknes,ses of raw-hide or 

leather—I think it wa.s raw-hide—and cIo.s(dy jandving fhmn and 
hireadmg them, so to speak, on the sliaft, with nnt.s f(') Indil them 
in place, tlien cutting inside a thread .so a.s to make a [.inion oi' tliese 
thiekne8.ses of raw-hide. Tl.e gear-whtel, I nndm-,stand, was uf 
pho,splior-hrom!e—it laid tliat appearance. I made some exta-ri, 
ments Motli that .sy.steni at Providence, at the slioji.s of the Uliode 
island Locomotive Work.s. f think tlm name of the .system uns 
tlie Pentley-Kmght. I found the workingof it to he satisfaclorv. 
it wars entirely noi.scle.ss, and tlie only doubt that there was in iiiv 
nmid as to its succ.e.s.s was the (jiie.stion of diirahility of ihe 
pinion, i have no doubt that if there i.s anv war, it must neces. 
sarily conio on the pinion, that being the softer snli.^tanee of the 
WO, but 1 liMve MO (lata by whi<*h I (*otil(| arrivoat tin* c*oiH|Kira 
tive durability of the raw-hide pinion. 

Witli regard to the chain, I may add a word whi.di might be in 
teresting by way of information. My e.xperienee with it .me, to 
show that the loss from it,s use is not nearlv so gn-af as rn'i-hf at 
first he supposed. In that resiiect the [linion is ,,laced in" very 
near y the same position that tli(‘ worm gearing is. In oihe'r 
words. It deiiends largely on who is using it, and how it is used 
Mr heckeumnn hasohtained excellent results nobody will deny 

that—from that worm gearing wliieli liasalwavs ... [.’.oked ni.oi, 

as the liaue of the meehanie. Now, the .same may lie stated u it h 
iega,rd to theeham licit. It is eapalile of giving exeellent lasnlt. 
hut m order to obtain them a speeial form of chain must be used’ 
and the .secret of the suecess which Mr. Van Ih.poele has nchiev,-.! 

!!' ,!“^ 'if Hiaiti which 
iie has msed, Ihe coimeeting piece betwiwn tli.> links i,as a (him 

We around it which acts as a roller, so that instead of liavimra fric 
tmnal action on 

and by takmg care to keep tlie chain propmdy luliricafed, m.i onU' 

.... 
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Mr. li^xTKKNZA^^N:~l think t!u*r(* isoni v nm* point whinh recjuires 
ohservation on luy part, ainl that is in to rnnniii^down hill 

witli worm i>’carin^*. I niiikt* tht‘ anii’h* ot tliis tln*<*a(i so tliat tlio 
car niiLs down hill vtnw easily if wo onw start tin* worm. Von 
can with your liands turn the worm whoid :tromid ainmst at ajiy* 
sperai you like, aini I kn<»w from ts\periom*i‘ that a car which is 
provide(l with worm ^(‘arin^ will run (hnvn an imdinc of one in 

seventy to one in a hundrtal if depends on tlie jam^^hness of the 

track--vei 7 easily. If if were not for that, if tln‘ pit(di or the 
angh^ of the worm thread wtu’e not sntlieientlv irriait tlana* would 
I>e more (hinger, t‘venin the<'ase(d' rnuMingoii theh‘V(‘l road, than 
running down hill, he(*ause as soon as yon rmtotfl lie (airnait from 
the motor tins itnumn^fum of tlnoair W(udd st ripotf all tins teeth of 
the wheel. If you main* that angle snllieiently huge, y<m will find 
there is no tr<nd>le at all with rfderenee to that point wliieh Mr. 
Mailloux has [>ointe<i out. It you take tin* formula, whitsh 1 have 
given on tin* hhnskhofird, and wlnash I supp«os<* wall las puhlish(*d 
some day, ninl if you take the dimensions I have put flown, you 
will Imd tins (exact, angle* oi tin* worm tl)r(*ad, and v‘ou will find 
tluit its angle of repose is so low tliat the worm wln‘el is hound 
to revolves with the gr(*a.t(*st of (sase. 

As regardssi)urg(‘aring, I ha,ve poinPal out in tine course* of my 
edasevrvatious in the pajasr, thaf 1 haves been vt*ry W(*ll satisfie*d, in 
tact, astonislned wn‘tli tins eaise with wdu<*h that spur ge*a.r which we* 
use in Iddladel|)hia, is working. 

Ah rega.rds (*hain gvaring, I have iMsem rather unfortunate with 
chains, hut if I had employesd su<*h applianees ns Mr. Mailloux or 
Mr. Van Depoehs, inmlouht I might have lM*(*n more successful 
<)t eeoiirse*, Mr. Van I>ep<Mshmis(*s rollers, and we* know that rolling 
friction is much e*a,sie*r tiuin what I eaill grinding fric*ti(>n, whe*re tlie 
lirdvs of tin* <‘haiii have to griinl ove*r tin* t<*edi!n 

I agie‘(‘ w ith Ml. .Mailloux that t}n*re wnll 1 m* greeat (’ompe'titiou 
h(‘tw(*<*n tins dillesresnt forms ol ge‘uring', and it is <udy that fesriii of 
g<‘a,ring whi(*h lasts longest and givi*s tin* h‘ast tnmdde* whie*h will 
iKMsvesntually adoptesd gesnerally. Itut af the jna*sent time wemire 
still in the* ehuk as to the* hesst form, I^ve‘rv<»ne* his ow''n 

tins lje‘Ht, heecauf^u* hes has lutd tint gre*atessj <*\perienee* wdth his own 
form. Any discussion ed’ the d(‘S(*ripii,»n wc have* had to night will 
gresatly advance tint sul)je*(st. 

Al.in S. S, \Vwumt. tes ask M r. Ue*eke‘n/.aun how tint 
gcai was (toimetettetd to the motor, if the* motor wars mountetel eh- 
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rectly on tlie worm sliaft, did not the jarring of tin* «u- shakn the 
motor uj} a good deal, and prevent tl'ie In-ushes resting on f lu- 
commutator i I do not tliink lie lias explained that. 

Me. Eeckenzaun:—No, sir, I have not e.xplained that. 'Fhe 
worm and its coupling arc gonerallj forged in one piece. 1 
employ a sHghtlj flexible eoupding between the motor shali and 
tlie woim shaft, and lietween the liearings and.spring.s, whieh iako 
•oft'die jarring from the bed of the motor. There is very litilo 
jarring going on—comparatively little—and we have ne\-er had an \ 
trouble witli the jumping off of the brushes from tlie eommiiiaior. 
If the springs on the commutator brushes are suflieiemiv .-iron- 
there will be no trouble. In some eases 1 have -tried fakiim the 
brushes of the commutator to be almost horizontal - 1 has'e''{ri.-d 
putting a balance on, so tiiat the jarring, instead id' jarrinn it of!', 
jars it^on, and puts pressure upon it. j found at hist there is m'. 
necessity for that. There is very little troubh' in that re-peet it 
It ns properly adjusted at the outset. With this iieNibleeoi.p 
hug in the hrst place, and the wluwls llesible to the bearin-- that 
support the traniei.f the ni.,t(.r,yo will iiml verv little t'J-oiibl.- 
on the poirits Mr. Whe(‘ler 1ms uieolioned. 

Mu. WriKEum:—If tluit motor jars up and down at all it .dth.-r 
must twist on the foundation or else there would be a fault in (be 

Mu. be a slight fatdl intbediaf, ; 

but j 1 theio IS a tlexilile coupling between, it will eompemnlc be- 
that Ot course wc do not expect it will be bulf an ineb out at 

w will allow a variation of nti eight b of an ineh. 

Me. WriEKLEii :~'’rimt ou<j^ht to i\u it. 

Mu. MAinnoux:-! would like- to call attention to a point wide!. 

I pu down as the hrst on my list, but wliieb, in n.v anxiety m 

cause I think it is of some miportmiee, and perhaps throws light 

b V I flwoflh-ieney of tin- worm u btb 

Inut been observed in the results .d' the best i-xperimente,-. I 

have reierenei.! ti. eiKl-thrust in the motor. Mv own stmii of tl,,- 
theory and iinu-tu-e of tlie vv<.rm.wlHH.l ba.s eonvim-ed m.'. tbi.t m 
least a large proportion of the waste of eiH-r..-v .lue t.. fri.-ii , • 
worm gearing must have been due to end fb, L X 

question arises, did not Mr. lieekenmun iierlimK l’ " ' 

that wa.) obtain a iiiiicl. better eflieieucy than (In- others « ho 
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portions, instead of having to lift it ali at once--lifting a small 
part of it and then going on to lift the rest. 'Phat sngge,-is il>elf 
to me as a very important question, and I hclieve (hat tin- '.iK-ec-,- 
ful system will be one in wliich that feature is present. I verm Id 
like to hear the opinion of Mr. Keekenzann. 

Me. Kkckenz.'Viin :—With regard to (fliininating the end ihru.-i 
of the motor in the-case of worm gearing, I ii.se no .•ipe 'ial pro 
cautions whatever, o.Kcepting that I emi)loy se\'er;il thru-t <'onurs. 
X believe JVfr. John l^endleton has a system Wfuan gearrng m 
which the thrust is eliminated by having (wo wmans. ono rigiit 
handed and the otlier a- leit-liaiuhal worm, so (bat fit*' t!n’ii>t of 
the one counteracts the thrust of the* other. Ibn it ha-- thi: littlo 
disadvantage, that the gea,ring (onies very near tit the ei'ound. 
There are two worm wheels and the motor shaft i,s at a faiigt nt 
to the two wheels, d'he motor is between thetuoworin . Hv 
this means, the two driving wlu*els have to revolve in ilm -.ame 
direction. The two worms revolve in (he same direetion, utid 
being riglit and left-handed, tlaa thrust is entirely eliminate.l, I 
have made one kind of worm gearing, for a special pnrptt e. 
where two worms were attaeiu'd to a motor wltieji drme two 
worm wheels, and on the same shaft with the worm uiieel - uere 
two large spur wheels, whie-h were use<i for climbing up a rack 
In this case, also, the thrust was eliminated, so (Imf iliore 
only the friction of the thread of the worm, and the worm wheel 
teeth. 


With regard to the problem of a.Ilu-sion, it pcrlrcth nmuial 
tliat the more driving wheels you have, the better will !„■ vom 
adhesion, because each wheel will have the Name ftfect in a i t 
mg to start the car. I never use less than four driviim n h,, ! 
on ,my cars. 1 w'ould use six if it wiis conveniejit, 

M-k. M Aiia.oiix :—Mow ilo you eonnei'l them f 
Me. liECKENZAi-N: -1 use'two small truck.'wit i, pi,,„ , 
which the car hody is supported. 'I’he ear lias two motor , J h.-ic 
are four driving wheels a,ml two driving axle,., liy extemling the 

shaft we could have a second worm wheel; but that wmiid ,.,,m 

plicate matters very much unless it was absolute!v a.. lor 

very steep grades. 

_ It is noiiseiise to attempt to nin ears m, a grade of more ihm 
SIX per. cent, m wet weather. It is impossible. No eieeirie ear 
or steam car, or any sclf-iiropelled veliich-will eiimb .-rade -d 
wore than six per cent, in sli|ipery weather with ab obit.. 
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tainty. If we go beyond six per cent., we iinist Iuiv(‘ some artifi¬ 
cial adhesion; we must introduce sonte ra(*k on the road, or eal)]es, 
which have a positive motion. Any one who attcmipts to gnaran- 
tee a self-propelled vehide, wliether propelled by steam or any 
other means on grades of more than se\'i‘n pea- cent., will most 
certainly lose his reputation. 

With reference to starting, I have always found that dectrie 
cars start with reniarkahle facility; that is to say, with remark¬ 
able cpiietness. There is very little jtn-k. Mr. Maillonx mentions 
that most electric cars start with a jerk. I know' that steam cars, 
cable cars and horse cars start Avith a j(‘rk, Init I ha\'(‘ \’er\'seldom 
found it on electric cars, and 1 have had the |>rivdh‘ge of riding 
on a good many electric cars in various parts of tlu^ woi-ld. There 
is a gentleman here, Mr. Stein, who 1 thiid< might gi\a‘ an opinion 
on that subject. He has been on onr (air in Idiiladelphia, and I 
think he would assure you that it starts laisily. Von ('an hardly 
feel the starting; it starts gradnally, and tluit is pm-IVad ly natural 
When the current is transniittol to the motor tin' motor has no 
couiiter-electrimmtive forc'c. Tlaa-efoi-i' (Ik* w IioIa of ilw (airrent 
that goes through is due to the actual wire' ri'sistanee ol’ tin' motor. 
As soon as the motor is started, as soon as tin' armature nwolvi's, 
the current decreases inim(.‘(liately in proportion to iIm' i-idative 
speed of tlie armature. As the ('ountc'r-oh'etromoti\‘e fori'C is 
created in tlie armature l)y its revolution, so lht‘ cunamt is in¬ 
duced, and it is almost im|)ossihl(‘ to start an deeti-ie car suddeidy 
with a great jerk. J think tlmse are tlu' main |)oints Mr. 
Maillonx touched u])ou. 

Me. J. M. Pkndlkton : — In regard to tlu‘ (d(‘(*tri<‘al |)ro|>n]siou 
of cars, while the iirst efforts wma* hdng mad' in Idris liy Mr. 
Philippart, in the celehrated omnibus b'at, with whidi he para¬ 
lyzed the residents of Ikvris hy tlu' (‘xhihitions ma.d(' on tluA bou¬ 
levard, and also the run from Ikiris to \b‘rsajll<‘s and ndurn, my 
atientioii was drawn to the (juestioii of powm* (‘ontaimal in tin' 
aecuiiiulator for the purp (xir pr<»pidsion, and whiii^ an ex¬ 

amination of tliat apparatus fail'd to satisfy nu' as to its la'ing a 
mechanical arraugemeiit albnaiiiig the best (dlieimu'y, y(‘t tlie ro 
suits attained in that demonstration ('onviiu'ed nu' tliat the value 
of the accaninilakyr and motor will lind a. hettm- a)>pli<'atioii in the 
replacing of liorscjs than <d' anything elsty, and as 1 was dwoting 
iny attention to experiiiumts with the a{*<mmu!utor during tliose 
years, I gave a good dcnil of stndy to impi-oving thi^ iruMdianical 





T)/S(’(‘ssiuy, 


devices tlien adopted, wlnddi W(‘n‘ siiiijdv tin 
Siemens dynamo with the eoiinha-shalf. ^uh! trie 
to the wheels of the omnihns, whi(*h wa> 
and my recollection is that flu* apparaHi> u ritjh*' 
We are all familiar with tin* (hainm.'^tralioii ina<h 
are faniiliar with tin* (h*\‘i(*(‘s nstMl, Imf u lifh 1 
to find somethin^' hettio*, it appoartMi timt ;if< 
perience of ear men, a,ml in tlie i)pini<m «»!’ iIimm* . 
various devices with compresstMl air nr ;4nam, i 
cult subject. Our oldest (air buildeiv in r 

the experiments had so far (h‘mun>f rato<l dial in 
things to |)ut on (airs and nothing oIm' wnuld 
would not stand the* pounding of tie* rail. 1 '!h v 
destroyed. ()(-ca.sionally soim* insontinu u<«ide 
awliile, but that inevitably it eamo to griof in a 
]N[()twit]istanding this dis(*ourag«‘mcnf,\ari‘»n d»-^ 
been spoken of to-night, wcua* re\ i(^\vod .nu ,i(u r 
devicje whi(*h Mr. lic(d<(mxaun ha> alludi i! v. 
after discairding soiiK* doxmi or nmi’o, and !?; n 
the pnn(d))le was (Mu*r(‘etly sh<»wn. Ibe ila m o 
worm and worm wlnad running in oil u a ^ * rv c". 
it may lx- reiiumdu'iaa} hy a goofi manv ? 

I exhibited af th(‘ New York hhaUriiMl 
system of (‘iir trtiction, havitig (diminafrd ?im; 
able featuius that (amid be well rhinr on p.4|n «, 
the purpose of glutting the opiniun uf fUM > 
with me iu iiivcxstigating nna’lianinal and » !rrf* i 
was (bkscourage(l tiftmavards In fliimgdtdon mI 
wliom are here |)r(»H(;*nt-.as to tlm etiiaiom-r , 4 ' !i 


w01 m whix‘1, ami it js with fhe greaio i ph ri 
d(3‘fined ami so t]ioroughl 3 ‘ proved In pravih 
may say was ti <‘haue(‘ ehoi<a% im*n' ilmn a 



my part. It (*ame to im* iiiluiti\oh * a i? i. ; 
■me bettei* than a-iiy other. I hav** ha*i ih.' ,10;.^ 
a good many montlis pant, bttf othrr ? n ‘ao* >, 

iny (ioing as inU(^l^ \v^or in ihaf iim’ ^ f , ' 

has inerea,se(i from W(a*k to werdv. h f m; , 

I visited Philadelphia, and had lire - 

cair whi(,rh ih‘ekeiixaiin lard in e;i,i''e’ af 
rngton Avernui and TwenhdAurdi uvm 1 
uiuler dl)()n>ugh. control, nionHfii,|.^r »,!' 
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hundred feet easily, stopping in the centre of the grade and start¬ 
ing without any difficulty. The startingfrom a dead stop was with 
ease—much more readily than we would experience in a horse 
car - and although I had been so many years a behevei and ex¬ 
ponent of electric traction, and particularly of accumulator trac¬ 
tion for street ears. I wiU state to you that I was surprised and 
o-ratified at the practical demonstration of its value that I saw. 
The car was run by a motor attached to only one pair of wheels. 
It had always been a great doubt with me whether on grades of 
five to the hundred, or four to the hundred, that a car would 
haim sufficient bite upon the rail to enable it to mount. I saw 
the car stop on a grade, start on a grade without any slip, and go 
over it and I felt that a very important question was solved by 
the manner in which it performed its work. Gentlemen, there 
is no more doubt in my mind to-day in regard to electrical pro¬ 
pulsion by accumulators replacing horses than that I am standing 
here. After the demonstrations that have been made, it is only 
a matter of a few months when we will find one or two hues of 
horse-ears adopting electrical propulsion, and then you may ex¬ 
pect it to come like the roll of the sea. There will be no supply¬ 
ing the demand that will arise for electrical cars. I had the 
pleasure that day I was in Philadelphia of being associated with 
two presidents of horse railways who were witnessing these ex¬ 
periments, and they both expressed their surprise and dehght at 
the manner the car behaved, and at the thorough contrd which 
it was under. We have only but a brief period to wait before 
we will liud the advantages which the adoption of a new and 
better system will give to the general public, and to the welfare 
of our cities. 

The President There is one brancli of the subject which 
has not been touched upon this evening, yet it merits our atten¬ 
tion. We have so far confined the discussion to street cars, 
whereas this whole discussion might refer more largely to elec- 
tr-ical cars in general. It may not be within your knowledge 
o-enerally, that within the last month or two an electrical road— 
the largest of the kind in this country—has been put in opera¬ 
tion in the coal mines of Pennsylvania. We have with us this 
evening Mr. Schlesiuger, who has put that road in operation and 
who has it in successful operation to-day. He there handles 
trains of a hundred tons weight, and his experience in dealing 
with the particular question that was touched upon, of moving 
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off easily and quickly, without any jarring of the niachincry, 
would be very valuable in this connection. I think it would 
afford us all a good deal of pleasure to hear of his experience in 
the Lykens Valley coal mines. 

Me. W. M. Schlesinge:e: —In the Lykens Valley coal mines we 
enter into competition with one or two lines of Iiorses, and also 
with the steam-engine. The mules were taken off entirely tiie 
second day, and I think that tlie steam-engine has also seen its 
last days in the coal mines. It is proposed wherevm* sttaua loco¬ 
motives are being used to change them for electric motors in a, 
very short period. The trains we have to ha,mile iiiv sometimes 
as large as 100 tons. We hava^ to takti tluan o\'er graiies td' 
about one per cent, to two per cent atid a.i-oimd OO degree curves, 
one of them being 2i) feet radius. We are ohligta! to start trains 
on these curves. The mode of transmitting the p<»wer from I la* 
motor to the wheel is chain-gearing. I fouml that wherever the 
train stands, the starting is very easy, or would hi' ver\’ eas\' if it 
were not for the fact that the ears are generally humped together, 
and the load is not all put at once on the im'dor, hut graduallv.' 
One car starts after the other, and this is an objectional'de feature 
so far as the easy starting is concerned. If the whole train 
started as one, then it would move off very nicelv and cu.-ilv, 
without any jar at all, and that is another rea.son whv I ihink it 
is always preferable to have the motor geariHl in .such a manner 
to the ear, that lioth start together, not the motor )ir,Ht, and then 
the car; there will always be a jar if this is not the case. If is 
the same thing as it the chain-gearing should have stn-tched. li 
will always be noticeable that the car starts far more he;tvil\, 
and with a greater jerk, than if the c.liains are perfect 1\ tig-lit. 
Outside ot that the weight and i>ower rcijuired to .sioj, the minor 
are so small, as comiiared with the power re<iuired i,, tan the 

whole thing, that there is very little gained in ...t.-u-timr o,,,. 
especially the motor, lieforo the other. 'I’ln? cluiins ue m-e u dug 

m the Lykens Valley coal mines are the same Mr. Van ... 

isusm^andside by side with that we use a ehain wl.i.-h r itai. 
speeia ly constructed for the (.iirimse. 'i'h.‘ links are made of 
phosphor-hromce, and tlie pins are of steel. 1'he ehain vifh a 
thimble 18 not giving nmch satisfai-tion np thma*. I snt.nose i| i. 
because of the very lu'avy strain upon it 

Captain O.E. M. on ^kus Something that Mr. Sehleshmer 

has just said ni regard to the increased shm*k <hm to the sm-..esrive 
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‘iiiii l:)riTi‘i;s to iny niind a 
made in las paper, wliicli 
, and notsimidy tlie residt 
ity upon the ni(>tor was 
rat’ds, aitd Mr. MailloiLx: 

Now durine: the pres- 
>k‘ ex peri an nits made at 
ister < ^a.r Ihiilders' Asso- 
m (Uitiri* revolution in the 
fiun to <'onfesK that these 
e^lAiient7appearto upset all ear pm■o,u•ei^■e<l I henries as t„ 
tlie duty of the motor in startin- trains. 1 speak ..n 1 he suhjeet 
because I am at present enga-e<l nn this cnui-ler quest.nn, and 
therefore take some interest in it. Tliese exi.erunents shewed that 
the greatest duty upon the motor, tlu^ locomoti vi‘ in liiis ease, was 
actually after the whole train had been started.an nnexpeeted re¬ 

sult. I am willing to admit that 1 was entirely mistaken myseM,he- 

cause at the very time almost <)f iny reeei V i ng t in ■ aee, ,u n t. d'th(‘se ex¬ 
periments, I had taken great pains to explain to a trim..! of mine the 
theory by which a train was moved by the sneeessive pi<-king np 
of the cars— a theory which was ol course nps(‘t by ibest' exjtori- 
ments. The result has been that the ('oni)ler Committee of 
the Master Oar Builders’ Assoeiuti«)n all prominent railroad 
men in active practice—unanimously reported at the( 'onvention in 
Minneapolis that the future, coniiling of ears shall be tight and not 
loose, and have recommeinhal the abolition ol the [dn anil liid< 
coupler and the substitution of a close vmtieal latok, whi(-h 1 think 
meets the difficulties mentioned In' Mr. H(ddesinger. 

Mr. Mailloux: —I stated that one of the dillienlties was the 
sudden starting of the electric cars. Now 1 should have said that 
circumstances were responsible for that. It dep<‘nds very much 
on the way in which the energy is given to t lie ear; and when you 
are dealing with accumulators it is not often pos.''ible to ap]>ly the 
electrical current to the car in a manner sntlieiently gradual and 
slow to prevent that sudden onslaught of motion, .mi to speak. 
That is what I had in mind in speaking of ihe Midden motion. If 
the current is supplied over circuits with de\ ieo> by which it can 
be put on moreslowlyor more rapidly, aecoi'ding to eir(’umslan(M^.s, 
the case is different; but with storage battm’ic generally, it is fur 
more convenient to have as few combination.'; a-> lililennsdianisni 
as possible in the regulating appaniln,-., so a.s to not eomi»Iicatc 


movement of the cars constituting., the 
remark that the reader of the eveumgalso 
I saw clearly wasfounded on experiments 
of theory. That remark was that the <li 
greater in starting the train than atterv 
continued somewhat in the same mannei 
ent year there was a series of remarkal: 
Burlington under tlie auspi(?'es of io i . 
ciation, wliicli will bring about, 1 
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things. Now, with regard to the starting of the motor dial! tsr *. 
the opinion I expressed was tlie result ol ex|ieriiiH’ni'. I haw 
seen the virtue and the value, of that point domoourati .1 ate', 
recently by means of a system in which the motor i -tartcd hr 
giving free scope to the lull eli'ctromoli\Itircf m! fin' U.liu i'\ 
and allowing it to run at a, vtuw high spciMh and iu/tnininI- 
energy in the form of monumtuni, so that not onl\ iliai p.;:i *0 t: * 
work lias been done hut we haA'(‘ t‘Von Ntorod a oorfidfi - e 

energy there, whicdi, wlam <h‘vi<M‘ is,ap[diot|, -linlf m.ddt n 
make xise of that stdirage (‘Uergv to start iho rar it i if. I 
seen tbe results (leuionstr{ite(I hy a, gout Ionian u!a» : , n ’ 

of traction, and 1 must say that, it struok mo xerv fa^^onid^ :ii*h t .. 
He used a frictional (lev!<*e in tin* ('onnootion hoiut tai tiit nt 
and the other, also c()ni!)in(‘d with spurgoaring; f*in uio n I ; v 
the ease with which he starhal and slopjHMhand .1 1 , » , 

etc., I was coilviiiced that then‘ nilist ho “-omofhiio*' !n * 1 ' ' 

believe it. 

Mu. PKNinacroN:- I ladhal Mr. Mailhai\d aifomam !■ fh* s a* 
of the ehictric ni()t(>r, partiiailarly for fho purpo r |.o‘ n i ioL vu 
are applying it, and that is that thoidiMUrio orodno h;; n :> rr,:n a 
traction at the time of starting, and was thoroforo imn o jiar! ioa dn :. 
valuable for the |)urposes <d’ <%ar traction ihan am Mtia r* na 'i * -h m 
know of, and in order to g(‘t this momeitiurn (if a nm:,' .im..." 11 ■ 
for the |)ur])ose of meviiiga. heavy ear, it vuudd "ids hr. m 
bring about the result of a jerk, whieh we |i!i\e ii.m.- .e •. .j, 

so far, in the actual tests and expei'inieiit- madi'. I . m 
see it. i have noticed partieiilarly ill regard Im ! hi ,Mt, , 
it is very disagreeable, tor obvious rea-niiN Imi «hi r» '.t i ;! ■ 
using a ten horse-power motor weighiiiL*','e\fii tiimdii'! >•> ■ ■ * 
hundred pounds, for the purpose, mid the arusafui'i .0 
hut a fraetioii of the weiglil, the mumeuliim ii(rr«-, i-:!.! .o!,..-,' • e, 
very little m a car weighing six ti*U “, and 1 ijiiidii iit ? . . 


■v.pi 


continued observation on his purl a mim nf Mioh 
,intelligeuce---w(uild bring about the Mipp.m ,if (,i th.,,, 

Mm. MAiia.oi!x:--l must repent, wliaf I know n. !„ ■ 
are not more theories or chimeras, bin they aiv mm 
if you stop to n'uson fm- a. litf),. while you u iH ivudiU 
when a niotor is allowed to run very fmt it,., eiiunim 
motivcforeeappro.ximal.es very elosel’v to its v,,i,rei- .4 ,.mi d 
Ccmseipiently the current tl,rough it d very small. I, v.’m 
a force hke a brake that tends to shiekeu that iimt.ir ami em.du 
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. ] it ■prith the driving axle, you will have a variahle 
'r''- r^ v^rltio between the two which ratio is gradually approach- 
you put on a greater and greater effort you ai-e 
' the motion of the armature and getting the benefit of its 

/"’.''"ityon while at the same time the current is increasing 
i it and in that way you have the most gradual putting on 

- !,~,-mTent tliat you can hope for. I have seen the experiment 
’ . many times that I for my part do not doubt it any more. 

T'-'.-- Pi;EsroEXT:—There being no further discussion,! will siin- 
■N,- ■ Mr. lieckenzaun to make one or two closing remarks. 

Efcxexzaun; —I was merely going to reply to Mr. Mailloiix. 

( rry-','. verv first car which I constructed in 1882, which, was worked 
■ V batteries, I used the momentum not only of the armature 

of the motor, hut also the momentum of a fly-wheel, whicli weigiied 
between tliree and four hundred weight. I put the fly-wheel 
nnoii the countershaft, and I used tlmt gearing which I sketeliod 
on the board to-night—^that peculiar gearing with the disks and a 
wedii-e dmped band. I employed the friction clutch. I thought 
that l)v .starting the motor to its full speed, and with a heavy fiy- 
wheeh that that would be a great advantage in the starting of the 
car. hilt I was greatly disappointed. Tlie car started with a jerk, 
and when I did away with the fly-wheel I found that the car started 
witl! tlie greatest of ease, and I believe from actual experience 
which I have had in this direction, that it is far bettei- to start 
without the momentum of the armature or the momentum of any 
siilistanee connected with the armature. It is perfectly natural 
rliat an electric motor must start gradually. Take the motor off 
the ear altogether and put it upon a table and send througli it any 
current from any battery yon like, or from any source of energy 
y.>u like—fifty volts, one hundred volts, or five hundred volts— 
and you will find that the armature cannot start suddenly. It 
rei|uires a few seconds to take up its sjreed, and flierefore it, is per¬ 
fectly natural that a car propelled by electric energy must start 
gradually. 

Uur worthy president has requested me to make some eoimlud- 
ing remarks, but the hour is late, and I believe gentlemen 
will he very glad to get off. I have nothing more to say. I have 

I. een exceedingly interested in the various remarks which Iiave 
been made to-night, and I must own that I have learned a great 
deal. With regard to the general application of electricity to 
street ear propulsion, as Mr. Pendleton has pointed out veiyforci- 

II , there is a very great future in store for us, and the time 18 very 
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near wlien horses on street cars will be entirely ahaiidoiied. We 
have, I might say, almost passed the experimental stage ami A\'e ai-e 
now enteiing the moie prohtahle stageot* maniitactiii'ing and sup¬ 
plying street railways with electric motors. Idio advantages in 
electric motors are not only economy, hut cleanliness iind"great 
saving of space at tlie depots and great saving of space on the 
streets. If yon take crowded streets, like I}roa<lwa,y, New \'oi'k, 
and many otlier tlioroughfares where every s<piare iiu-h of space 
you might save in the street is of value, if yon do awav with horses 
you save in length about twelve feet, and' i!i width, 'of coarse the 
width of the track. Now,h-t would seem ridiculous foi- me to make 
such a remark, hut if there are hundreds of cars running in a 
croMuled street it makes many thousand S(juai'e feet of spa,ee''sa ved, 
and in that space other vehicles can ])ass. Anotluir great advan¬ 
tage in electrical propulsion willhe(a|)art fi-om econo'my whicl'i is 
■certain to be a result) that we shall he al)h‘ to tra\'el at a, greater 
speed. Horses cannot pull a car at a, greater speed than si'x inil.'s 
an hour.^ Tlie average si)eed of all the ho.-se-cars in .America and 
Europe is five miles an hour, inchuling stoppages. .Now, if we can 
travel at the rate of eight or ten miles an hour a great ihail id’time 
will be saved, and j)assengers will avail themselves more of the new 
niode of traction. Tliey will save agreat deal of time. The trallic 
is constantly increasing. I have Iiea.i-d ivcently that the street' ear 
tratfic ot New York alone lias incretised in the last, ten vears fil'tv 
per cent. If it increases in the next ten years li fly ,,er e'enf. a.-aii. 

It would he impossible to cope with the traflie if we eni|)Im-la'ases 
at all. ^ The elevated railroads, it appears are doing u large'amount 
of business—almost as much as they are capable of han'dlheg and 
the on y loophole, it seems to me, out of the iliilicidfv, is'cither 
by bmldmg nndergronnd railways or by propelling the'stivcl cars 
at a greater speed, so that the same unmher of'cars will carrv 
double the mimlier of passengers in the stinie thne. \\'ith t'las'c 
remarks, gentlemen, I close, and I thank you vmw m.n-h Ihr ^■om■ * 
very kind titterition. (Apiilanse.) 

for^.Ni!tcr“r'''~^^ 

roi Jiib Jiittiesting- mikI irustructiiig paper. 

The motion was seconded by Mr. Wetzlei-, and carricil. 

. ^Ii. MAu.uiirx:—H may lie allowed to express auot her thomdit 

be able to give It to Mr. Keckenzaun, because in the di,sc,issio>rof 
the suliject tliat he has Imuight before us this evening, I, f,„- o,ie 
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and doubtless a great many others who are here—particularly 
those of us who are especially interested in the subject—feel that 
we have been deahng with the work of a master—-a man who is 
eminent in his work and from whom we can all learn deep and 
valuable lessons. That is the reason, gentlemen, why I feel that 
we also ought to have given Mr. Reckenzaun a medal or some 
other substantial recognition of the valuable work that he has 
placed before us. 

Me. James D. Eeid: —I am not able to express myself in scientific 
terms, but I think our good friend here has struck a strong feature 
of human nature, which convinces me that he has also struck the 
right vein in science. We all know that human life is a life of 
friction, that life is a struggle all the way through, even with the 
help of the best of food and the best of wine and the best of 
Scotch whisky. It is a struggle after all, and, gentlemen, I 
appeal to you, if, after life has done its best, the worm does not 
triumph in the end. (Laughter and applause.) 

The meeting then adjourned. 
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Held at the House of the Aiuerieun Soeietv of ('iv il Ihiiiitu'ers, 
127 East 23d street, Now York, Oetolter I 1th, IS,S7. 

The meeting was called to order at 8 F. M. l»,v the PiaNidetit 
of the Institute, Mr. (I Maidin. 

Thk Pbesidknt :—I need hardly say, genlletiieti, fhui, all of iis 
have great pleasure in weleoming hma- this evcnin>.r .-o ili- 
tinguished a scientist and so wdl-known an eleclricia!! a - i’ro 
fessor George Forl)es, of Enghind. Some of us ha\ o alroads had 
the pleasure of listening to Professor Forbes in this eonntrv. and 
remember the oeeasion of his visit hen' in ISSl, at the time of 
the National Conference of Elee.trieians and the Internationul 
Electrical E.xhibition in Philadelphia. Professor Forbes is abo 
known to us through his work in England, and as the iin. inor 
of a number of highly ingenious d(n’iee,s, and 1 think b\ the do,,, 
of the evening, you will all agret'with me that in m'.ne ot hi- 
inventions is greater ingenuity and grasp of deetrieal principles 
displayed tlian in the apparatus which he brings before us thi.. 
evening. This instrument is one for which there has been u de 
cided want, and it brings before us <piestionsof the utmost impor 
tance and pre-etninenec at tlu' present time. 1 huM. n,, ,i.„d.i 
that both the paper and tlui dtseiission, upon whieh we slaill enter 
this evening, win do mueh to .start us far along a iieu road id' 
original investigation. Notliing for nm remains, tlierefore. fn»t 
to introduce to yon Professor Forl>es, who will now rend to von 
his paper on a Conlomh-Mcter. 




A COULOMB-METER, OE INSTRUMENT FOR 
MEASURING THE CONSUMPTION OF ELECTRICITY. 


BY PROF. GEORGE FORBES, F. R. S. 

Yon all remember that in England, at the time when electric 
lighting took a decided start, there was a regular rush for illumi¬ 
nating towns by central station lighting. I looked into the matter 
at that time, and could not see that a single scheme that was then 
proposed was capable of being worked. We wei’e at that time 
aLsolutely ignorant of the methods of distribution of electricity. 
In the first place, we were absolutely ignorant of what amount of 
current we might pass through wires of different sizes. One had 
to go all through that, and work out the problem before starting 
upon anything else. Then the different systems of distribution 
proposed had to be discussed in each particular case, to see which 
was the most useful, and perhaps you will remember that I my¬ 
self came to the conclusion at that time that a direct supply on 
the multiple are system, which was then most in vogue, could 
not be carried out on economical lines to a greater distance than 
220 yards, and when the three wire system, the next decided 
advance, was introduced, it extended the distance of economical 
working to about a quarter of a mile. The greatest step, it seems 
to me, which has been taken in the distribution of electricity 
since the period when electric lighting took such a start in 1878, 
was the use of alternating currents with induction apparatus, 
which was simply achieved by the most indefatigable industry 
and plucky perseverance against the opinions of everybody who 
seemed to be capable of giving an opinion. I have never omitted, 
on any occasion when I had to speak about the distribution of 
electricity, to express the profound admiration I have had for the 
energy and pluck which was shown by Messrs. Gaulard and 
G-ibbs in working out that system upon which so much ridicule 
was cast during the whole time they were making their experi¬ 
ments. At the present moment the only difficulty which has 
seemed to exist in the way of a general system of distribution, 
lies in the want of a meter for the purpose. It is all very well 
to do as we are doing just now, to charge people for lighting 
tLeir houses the same price that they used to pay for 
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gas, or to charge them at so much a lamp, and let them 
burn all night long or just as much as they please; that 
is all very well as a makeshift,but every one of us knows perfectly 
well that it cannot go on forever; and therefore we must have a 
meter for measuring the consumption of electricity in houses. 
With a direct or continuous current, such as lias been generally 
used on the ordinary multiple arc on the tliree-wire system, the 
problem is not a very difficult one, and has been solved with 
gieater or less simplicity, with greater or less accuracy, in a 
variety of ways. But even in that system it lias always been felt 
that there was great room for improvement over anything which 
has been done. In using alternating currents, however, tliere has 
been until lately at any rate, absolutely no meter in existence 
which was capable of giving, even witli a fair degree of accuracy, 
the consumption of electricity in a Iiouse. 



'i'liB Poiums Ootu,oMii-Mu’i>!su. 


Nearly a year ago, an Ainerican'in England spoke of the thini’' 
as impossible, and defied me to produce one. That same (ivening 
I went home and tried a simple experiment which <-onvineod rne'l 
had found the solution of tile prohlein. Of all the elhads of (he 
electric current I was sure that the only one which would sui( 
alternate currents was the creation of heat in a conductor. The 
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experiment I tried was to cut a circular disk of paper into a spiral 
imd to support tliis spiral at its center on a needle point. Hold- 
this in an upward draught of air, the spiral rotates. I tested 
this and found that a very feeble amount of heat sufficed to pro¬ 
duce this effect. I then put some wire under the spiral and passed 
a!i electric ciiiTent tlirough it, and found that the spiral moved 
with an extremely small consumption of electric energy. From 
this beginning, after nine months incessant work, I evolved the 

iiiloiiib-meter which I now exhibit. From this work has resulted 
the simplest and most accurate meter conceivable, which is equally 
suitable for eontinuous or alternate currents, which is read oif by 
indexes and dials like a common gas-meter, and which, when set 
in place, never needs to be tonclied, and readings being taken 
^imply from tlie dials. 

There are four dials in the latest instruments, reading units, 
leris, liundreds and thousands. The unit I adopt is the English 
Board of Trade unit, measuring the electric energy consumed in 
a hiindred-Tolt lamp using one ampere of current for ten hours, 
the cost of wliicli unit may be a little less than ten cents in a good 
system of distribution. When the inspector goes his rounds each 
quarter of a year, he reads off the indexes and subtracts the read¬ 
ing of the last quarter, and so he has directly the number of units 
coiismned. If the lamps be not of 100 volts he must innltiply his 
result by the volts and divide by 100 to get tlie immbei- of units 
of eleetrieity used up in the quarter year. I might add that the 
Board of Trade unit is equivalent to a thousand revolutions of the 
mill-wheel. This instrument is made to work up to 20 amperes, 
and it might work 20 houi*s a day for four or five montlis before 
tlie reading of the dial would be exhausted. 

I believe that the meter wliich I present before you to-day is as 
simple in construction as any meter can he, which I'eqiiiros wheel- 
work to indicate the amount of electricity which has been used. 

It has wheel-work just as a gas-meter has wheel-work, so as to 
indicate upon dials, by means of indexes, the exact number of 
units of electrical energy; just as a gas-meter measures the exact 
number of feet of gas which has been consumed. But in makiiio- 
tins comparison between the gas-meter and the electric-meter you 
must not imagine that they are to be put upon a par witli each 
ot er. The gas-meter has become a proverbial instrument, not • 
for the gmat accuracy with which it performs its work, hut for 
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The instrument is ridiculously simple, and consists i>f {(tin- 
parts: (1) A mill-wheel (or smoke jack, as Sir Freth'i-ick Bramvvcll 
has called it); (2) a wire under the mill-wheel, whieli creates an 
upward current of air when tlie electric current jyoe.s thronjjfh it 
and heats it; (3) wheel-work for counting the numiter of revoln 
tions of the mill-wheel; and (41 dials and indexes for reading otl 
the number of revolutions. 

The mill-wheel consists of eight mica vam-s, fixed ity pieces of 
pith to the circumference of a circular disk of mica, at an angle 
of forty-five degrees to tlie horizon. This disk of mica has a 
circular hole in the middle, where it is snititorted Ity a thin paper- 
cone, apex upward. At the hip of the cone there is a jeweled 
cup fixed inside a pinion. The jeweled cup rests on a [mint fixed 
to the base of the instrument. 

The wire which is to he heated h\- the electric current is of 
iron, and forms a fiat spiral of four- turns just niKlei-ue.ith the 
vanes of the mill-wheel. The ends of this wii-i- are atl.iehed to 
one of the wires carrying electric currents to the lamjrs. 

The pinion on the cone of the. mill-whetd \\'orks in a ti*ain (d* 
wheels, so as to reduce the speed. One thousand i-evoiritions of 
the mill-wheel indicate one unit on tlur dials. 

Itach of the dials has ten divisions, d'lu* (mtire instrument is 
placed under a cover, to kce]) off dust and irregular euriamts (»f 
air. 


The instrument, as now made, starts with half an ampere and 
is fairly accurate witli three-(piarterH of an umpert* ithe anioiinf 
of current generally used is an incaiuh'seent lamp, i I-’roui two 
lamps up to thirty lam|)s, the spts'd of revedution is exneliv pri' 
portional to tlie current passing. 

dhe same identical instrument will indicati* from 2i> to 
lamps with the same accuracy. This is done hv diverting purl of 
the electric current from the meter hy a sh'uut wire."so ihat 
only one-twentieth part of the whole eurreut is measured. 

If I want to measure from one lamp to six humlreil laiun.-, 1 
use two meters, one with and the other without ilu- shunt. With 
small currents only, the meter for thirty lumps is eonueeted. 
When the current for twenty lamiis is passing, it is strong enougli 
to act on an auxiliary apparatus which allows flu* great<'-r part of 
the current to pass through the second meter. I'l’lie two mefei-s 
are then in parallel.] This auxiliary apparatus is nu electro 
magnet with a coil of twenty turns of win' g(.iug fo the first 
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meter, and one turn going to the second. ^ hen tlie current is 
strong enough it pulls down a lever, wliieh makes connection 
with the second meter and holds it there as long as it is wanted. 

The want for such a meter has long been felt. Neither con¬ 
sumers nor suppliers of electric light and motive power can he 
satisfied with a price determined solely l)y tliii numher of lamps 
in a house, and not by the hours of consimiption. 'riie nu;ter 
must be simple and cheap, and must be reatiable l)y the consumer 
as well as by the supplier of electricity. These c<»n(litions are 
all fulfilled by the meter I am e.vhibiting to yon. 

In isolated plants, where storage batteries are used, this iiistru- 
ment enables us to see how much electricity is put into tlic 
batteries, and how much they give up. 

In distributing motive power by electricity, it is (jiiite impos¬ 
sible to charge the consumer by tlie numher of motors, hccause 
the time he is actually running the motors may hi* very varialdt*. 
A meter is indispensable. 

I may now refer you to the table on the black hoard, showing 
the indications of the instrument, from whicdi you will st*c that 
the ratio of speed to current is practically constant. 


Current in amperes. 

.35 

.35 

.45 

.6 

I 

.75 ^ 1 

; 

2 

n 

Ratio j current t 
( Speed ) 

.70 

61.3 

50.4 1 

i 


60.7 ; 51 

' 51 

■50.7 

! 

1 


I caimot conclude this description without acknowkslging the 
generous enthusiasm, free from all jealousy, with which this 
meter was received by English electricians when I showtal it for 

the first time—namely, last month-.-at the ima-tingof the liritisli 

Association at Manchester. I must say that tiie kiml sympatliy 
of these eminent men went to my laairt. May I he allowed to 
(juote the remarks of one or two from the lamdon h'/ftirlfitl 
H&view, September 23 ? 

Sir William Thomson said, “ I have v(*ry gnait pleasiin* indeed 
in congratulating Professor Forbes. Every one who knows an\’ 
thing about electric lighting understands iKn-feetlv that the waiit 
of a meter is one of the greatest practical wants in ••(mncction 
with the introduction of central station ligiKing. 1 sptaik fc<«l- 
ingly on the subject, for I have tried year' after year l<* produce 
a meter. There is nothing to which I hav,. gi;..,. up so nnu-h 
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time in endeavoring to make an instrument work, as in endeavor¬ 
ing to produce an electric meter, and the Patent Office contains 
records of some of my attempts. Each one of them has been to 
some degree capable of giving a result, and the last of them, 
which I worked at a very great deal til] four months ago, 
promised, considerable accuracy, and was perfectly available for 
either direct or alternate currents. But the difficulty of seeing 
a way to bring this instrument out, and to make it a practical 
thing at a moderate cost, for general use, was so great that I do 
not feel that I intend to go on with it at all. It is just possible 
that I might make it succeed as a meter for a large station. But 
I am exceedingly glad to see the great success which Professor 
Forbes has obtained. I think I may say I am untinged witli any 
feeling of regret at its having been done by another. On the con¬ 
trary, it is with the most unmixed feelings that I say I am exceed- 
ingly glad, and that Professor Forbes is to be congratulated.’’ 

Peofessob Perky said—One has no right to ask an inventor 
of such a beautiful instrument as this by what means he arrived at 
the idea embodied in it. I could not have imagined that he could 
have got tliis result. The figures certainly show that it is a beau¬ 
tifully simple instrument, and effects its purpose well. But how 
any one could arrive at such a method from any theoretical infor¬ 
mation passes my understanding. The whole action seems to be 
so complicated. I do not think I should have tried it if the idea 
had come into my head. I suppose one must miss a tremendous 
lot of valuable things in this way, because one does not see the 
theory. It is a marvellous thing. I certainly think it is one of the 
most beautiful things we have had before us for a long time. I 
speak now as an inventor of a meter which is in considerable 
practical use, not in this country, unfortunately, where it is pat¬ 
ented, but in G-ermany. This is also a very simple one, but I 
think that this beats it.” 

I will not trouble you with further quotations. I can only say 
that I was deeply touched by the sympathy of other inventors, and 
that the reception I met with in England led me to take this op¬ 
portunity of showing the instrument to you on this side of the 
Atlantic. 

/ 
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DISCCSSIOX. 

Professor Forbes I would like to show you one or two 
points about the meter. In this instruineiit there is one part which 
I hare not described to you. Perhaps before doing so I ought to 
let veil see it working. I will put on a battery current and we 
will make it go round and see what happens. I am now starting 
it with a current of eleven amperes. 

A Member *.—When you break the current how soon does it 

stop ^ 

Professor Forbes *.—It takes a little time to get up its full 
speed, and a little time to lose its full speed. I have shown this lighter 
form of wheel-work, and I am making it even lighter than this is 
in the instrument that is now being manufactured. This instru¬ 
ment has a good deal of metal work—much more than in any of 
the instruments I have previously used, and the mass of metal 
absorbs so much heat that it goes on for a considerable time after 
the current is broken. 1^‘ow this might suit the suppliers of elec¬ 
tricity very well, but it would not of course suit the consumers, 
and one must defer to both sides. I do not want the meter to act 
in that way, and I find that by reducing the metal work as mucli 
as possible that difficulty is removed. There is another point 
about this instrument which I have not shown you or spoken 
about. It is an arrangement which is attached to it for lifting up 
the mica vanes against a fixed stop above. I have moved the stop 
away, you see, at present. That attachment lifts the mill-wheel 
up against the stop and enables us to carry the instrument about 
with safety, under ordinary circumstances. I must make one 
reservation—there is fear of danger if it passes through the New 
York Custom-house. (Laughter.) I brought in a lot of instru¬ 
ments, and after I saw a little of what the Custom-house people 
were doing, it sickened my heart so much that I let them lock the 
instruments up and put them in the public stores. 1 had worked 
six hours that morning like a slave doing their bidding, and by 
the time they came to me I am sorry to say that many of tlie 
things were in a sad state. You will notice something hanging to 
that instrument. That was an extremely delicate spiral spring, 
which was attached to one of these mill-wheels, acting simply as 
an ampere meter, not acting for registering the consumption, but 
measuring the rate at which the current is passing through the 
conductor. That instrument is quite disabled, and others, too. 
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I have also some diagrams here. Here are aetmil examtdts of 
some of the readings of tliese ampcre-tueler.s aini I Isave sratio 
times taken them under diiferent conditions. I ha via tor exam 
the instrument xvith the clock-work in, and witlnmt the eloek 
work, showing tlie amount of iri(*tiou ^ atnl I mav tt‘!t \oti 
that it looks as if the wlieel-work there would (*!ius(*a eun-iderahle 
amount of friction, wliicdi has tobi^ oven^onnx I hat Irietiou i - a 
mere nothing (x>mpared with tln^ t ric'tion ol the air wh’u'h is I'inm 
lating in these convection currents wliich are created. I here are 
three frictions coming in: First, thercm's the nir friction in the 
currents of air, which is the chief sonree ot f ried imi; second 1}, 
there is the frictioii of the jewekMi <‘np on tlie point; and. 
lastly, there is tlie frietion of tin' wlH‘ehw(U'k, whi<»h i> iar h-N,. 
than the friction of the jewaded e.ui> upon the point. 1 hat 
what one of these diagrams shows. Anotlu*!’ om* happem- fo 
the effectmvhen tliemvppaautus for fixing tht‘ mill wheel is takm 
out. Another one niay 1)0 of sonle interest you. It was fhi« 
instrument when it was in tlie exjxnrinnmtal stage, 1 \arle<i tin* 
distance of the varies froni the (a)ii(iii<dors, and I useti it at do 
fVand 'dft'Of tm inch. You might expect tlnit the nearer ii was to 
the conductor the greater tlie velocity would he of ttm giviui cm 
rent. That is not so. It then (umtes fried ion hy pulling the an- 
from the surfa(*c of the wire when it is too near. ITtrec sixteenth 
of an inch was found to lx* the most suitalile ilisliinee- Hicre i 
one peculiarity of tliis instrument which I Ixdieve no other meter 
has. I have not only my own ttxsts of it, hut 1 have jii^o ^ome in 
dependent tests. I lutve never lieen uhle to gel any indejietnleiif 
teats of any meter in the world; Imt I h*ft word htdore 1 letf 
England a fortnight ago to have out* of these iinders linidied imd 
semt to Sir William. Thonison, whti was kiiu'l enotigli to fli.ii 
he would test the instruinerit. TTie sister meter to thi- nor 
sent. Tliis meter has an iKljiistnumt to it, whieh no mnnufmamvd 
article ought t(> have ami no nuiuufaetured meter xull hnus huf 
this being in the (rxptndmental stage, it had an adjustmeni whitdi 
regulates the depth at whi(di the first wheel works info the [udn 
cipal pinion. .Now it ap])ai.rH tliiit tluit screw hatl 1 m ’('ittdi* i*«i» 
ened in traveling;, before Kir Williiiin r<*ceive<i it, iiittl thin liu’t wii« 
not ascertained until after the (!X|Hn-iiiH'nfH were niude; but llu- 
operation is now beinj^ repeated. I have reeeived the fe»*ln uuuh' 
under theso adverse eonditioiw, whieh I will write ihivvn on tho 
board. He applied diiferent eniTetit-H iih« 1 lie obtained the rntii. 
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of eurreiit to speed at these different velocities. He did not try 
to ascertain the feeblest current with which it would start. He 
bewail with one ampere and the ratio of current to speed was 66.5 5 
with 1.5 amperes the ratio was 45.5. I will leave out the decimal 
place if you please. He then used two nmperes and the ratio of 
current to speed was 44 . He then used three amperes and the ratio 
was 39 . He then used five amperes and the ratio was 39. He 
then used ten amperes and the ratio was 4:21-. He then used 15 
amperes and the ratio was 42. Although I look at that as very 
bad indeed, I thi nk you will agree with me that it gives you a very 
good result. I woiffd have been very well satisfied with that six 
or eifirht months ago: but I confess I am not satisfied with it at 
present, when we are able to get it so much more accurately. How¬ 
ever, I thought it would be worth while to give you these results 
as obtained by Sir William Thomson. After the instrument had 
been running (it was one of these instruments with a large mass 
of metal in it) Sir ‘William Thomson found what I have spoken to 
you about, that putting through the lower currents after it had 
been running for a long time with 15 amperes, it was too favor¬ 
able to the supplier of electricity and not snjficiently favorable to 
the consumer. After that he put it on to 10 amperes and he got 
only 37 at the ratio of speed to current, instead of 42^, as it was 
originally. 

I think that is all I have to say about the meter. I have no 
doubt that in the progress of discussion there may be points of 
interest raised, which may give me an opportunity to say some¬ 
thing more al)out it, but I think I have really touched upon all 
the chief points of interest connected with it. (Applause.) 

Prof. Forbes then passed a current through the instrument, and 
a recess of ten minutes was taken to enable those present to ex¬ 
amine it. When the session was resumed, the President said : 

As we have now had an opportunity to examine the instrument, 
the discussion will be in order, and the better ventilation this sub¬ 
ject has, the more profitable will be the evening. We have with 
us this evening some few gentlemen who are not members of the 
Institute, and I beg to assime them that any questions they may 
desire to ask, and any information that they can afford us, will be 
heartily welcomed. 

He. Vaxdee Weyde :—^Is it the intention to have that appara¬ 
tus under the glass shade continuously while in operation ? 

Prof. Forbes:— At the present moment I intend to use that 
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glass shade, although I have no great preference for it. If any 
one has any objection to it, a metal cover is just as good, only one 
would need a glass window to read it by. 

Dr. Vander Weyde:— The objection would be that when the 
apparatus is in operation a little while, the air will be heated and 
the ascending force would diminish and become very small, at 
least, wlieri the air was considerably lieated in tlie glass shade. 
To correct that, notliing would be easier tlian to make an opening 
in the top of the glass sliade to let tlie hot air out and keep the 
surrounding atmosphere more uniform. The a])paratus would 
give an indication of less velocity if the air is made warm, than if 
it is cooler. Wlien the apparatus has been in operation for some 
time, so that tlie air which surrounds it becomes heated, tlie im 
dications would becoinc a great deal less. 1 wish to do justice to 
Professor Forbes for tlie ingenuity of tlie apparatus, and tlie re¬ 
mark I made is only for tlie purpose of suggesting something 
wliicli may nialce the a])paratus more perfcict. 

Prof. Forbes These are very suggestive remarks that come 
from Dr.Vander Weyde, and of course they occurred to me during 
the process of the experiments. There is one lesson whi(‘h 1 have 
learned from this instrument, which is that you eamiot (*ulciilate 
on what is going to hajipen witli a convection (*nrrent. I have 
been as sure as possilile, over and over again, when I was making 
a minute change in the instrument, that I knew as well as possihle 
wliat it was going to do—and it never did it. Dr. Vandm* 
suggests tliat wlien the air at the top of the shade gets heafed, the 
instrument will move slower. The only answer 1 (*an givi^ to it is 
that it does not. It goes perfeetly, (jontinuously, howmau' many 
hours I have it at wmrk. He suggests tliat a hoh* should 1 k^ ma<le 
at the top to keep it cool. Nothing in tlie world will (nau‘ indinje 
me to let a hole get into that mechanism, any more* than I would 
let the works of niy watch be exposed to tlie opmi air to ]a‘rmiti 
dust to get into tliem. Put it is quite unnecessary, for it goes 
any number of boars at a perfectly constant rate, (ivmi wlion tlie 
top gets hot. It is remarkable that the first person wlio has 
spoken at this diBciission has raised the first obji*(*tion which 
every person wlio lias ever spoken to me alxmt it lias raised, and 
that is, that its indications will depend upon the external tmnper- 
atiire; that when tlie external temperature is high it will gi>- 
quicker. This is tlie only one thing, liowever, in whicli ])i‘aetiee 
does agree with theory in regard to convection currents. The 
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theory of the thing is perfectly simple, The moving force is the 
ciiffei^nce of temperature between the conductor and tlie external 
air. It does not depend in the least on the absolute temperature 
of the place; it is only on the heat that is being generated in the 
€Oiiilnctoi% and it is the difference between the temperature created 
tliere and the external air which gives you the moving force. It 
is a matter of indifference whether you start with a temperature 
of or 100. As a matter of fact the indications in a warm atmos- 
pliere and a cold atmosphere are identical. I may forestall the 
qiiesTion that is going to be asked immediately—whether the ba¬ 
rometer has any effect. I may say that I have not had tlie instru- 
irieiit under an air-pump to test it, but I have tested it day after 
day and I have seen no perceptible variations. 

.De. Yaxdee Weyde: —ISTo person of any information would 
talk about a barometer in connection with it; but what hecomes 
of the heat which is continually generated ? 

Peofessoe Foebes :—It is radiated from the surface of the glass. 
A great deal collects at the top. A fixed temperature is arrived 
at, of course, and the heat which is being created is all radiated 
from the surface of the glass. 

De. Yaxdee Weyde: —It must be confessed however, that heat 
is generated continually. How, if experience proves that that does 
not affect the instrument, that is all right; that settles the mat¬ 
ter; only the suggestion is very natural. 

Peof. Foebes:— Oh, certainly, most natural. 

De. Yaxdee Weyde : — ^Because we all know that all the ascend¬ 
ing force or air depends upon the difference of temperature be¬ 
tween the air which is pressing under the vanes and the air at the 
sides; and that the heat accumulating in the top must gradually 
descend and cause an influence, I cannot help believing. 

Peof. Foebes:— You are able to test it when you are passing a 
high current through it; you are able to test it by holding the 
hand on it. 

Be. Yaxdee Weyde:— Putting the h^^nd on it is not a good 
tcfrt. We have thermometers which can determine it correctly, 
and I cannot see why a small hole in the top would do harm. The 
gentleman said he would as soon expose the works of his watch 
to the air as to have a hole in the top of that shade. But I would 
like to be informed what injury a small opening in the top would 
be, to let out the hot air which must come up from below. 

Me. Feaxe L. Pope:— The amount of heat which is generated 
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by the action of the current is not very great at tlie most, and as 
it gradually collects in the top of the glass, it is prol)al)Ie that 
before the hot air extends down far enough to afft‘et the 
operation of the instruinent, the radiation has l)econie suili(Mfnt 
to carry away an ecpial amount of heat witli that whicli is lH‘ing 
generated, so that tlie temperature from that on is stationary ; 
and that the balance is brouglit al)ont lK3fore the ciiriamts of 
air are affected sufficiently to interfere witli the operation of tlie 
instrument. 

Dr. Vandeb Weybe: —But 1 suggestc^d that the nKliation 
through glass to the exterior air is very small. 

Mr. 0. 0. Mailloux: —If it is asked what tluMjhjection would 
be to a small hole there, it seems to nu^ that it is propm* ti> ask 
what good it would be, When lh*of(‘ssor Forbes has told us that 
the instrument wuirks alisolutely peidhct witlamt the hoi(\ 1 <lo 
not think it necessary to consider tlu^ ahseiu^e of a hole ther<\ 

There are soiue other p<)iiits which I would like In bring for 
ward, and which, perliaps, may 1 k‘ of gn^ater impoiiniiee Uian a 
small hole in the top of that glass shades. One is the friiiioii 
of the apparatus. I would like to know wln^tlnu* I he ealilu'alioii 
of the apparatus does not <lepend for its eonstaney on thi‘ friction 
of the wlieel-work remaining constant as nearly as possible, and it 
also occurs to me to suggest timt the fri<*tiou «>f tin* apparatus 
may have a great deal to do with its sensitivmiess as an iutco-m 
ting instrument. In other words, if tlu*re is very lilt li* friid ion, it 
is quite likely tliat the inertia would la^ greater, and its moimm 
turn once obtained would tend to carry it over, so that, if tln*re 
were axiy al)iaipt (dianges in the cur woidd anf so readil\ 

respond to them. If, then, we wer(‘ to draw a cturve of variai hmrs 
of eurrent, it wouhl not in reality billow that <airvi* rdi»solw hut 
only partially, intr<)(luclng a tin* result which uould 

be the analogue of selfdiHliKdbui with an ordinary nppurafn^. 
Now there is anotlier point. We all know that in iuah-r !(^ obtain 
heat fronui conduclair must have a ceHain annmnf of resist 

ance, and I would like to know wiietlier tln,^ imiomif of rcsisiHiua* 
that has to be introdueed iti the wire (whicli I prcsiiiin* is iron 

from its appearance) is of material conscaiuemM*.whether it 

would %are at all as an element of resistance of tin* wholo <abvuit. 
and also whether, Iiy virtue ol its rcHistiince or (»i its pfjsitioin it 
would introduce any variation, which has Uem <ailled ^Mm- 
pedence,^’in the circuit in eonsequimee of selbindnetimi or any-* 
thing like that. 
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Peof. Foebes :—The first (question is, as to the effect of tlie 
constancy of the friction—whether the spcH'd of tlic instrument 
depends upon the constancy of the friction of tite solid parts; 
and the second question I had better take in eonni'ction with it, 
which is, whether that friction of the solid niovino- parts renders 
it less sensitive. First, we have to consider wind her, afh'r the 
lapse of months or years—wlum the lueehaideal parts id' the in¬ 
strument are not in such good order as wlien it was started_its 

readings will be as accurate as tiu,'y were at tin* iH'ginidng, and 
in the second place, will it be so ready to start with a tVsehle 
cuirent with the friction of the wheel-work as wiihoiit it. 1 liave 
already said that the most important part i*f tiie friction in that 


apparatus is the air friction ; but that is especially .so in the case 
of a larger current. When the, currents come to the avennfe 
size or greater, the air friction is, out of all coinp!iris(»ti, the 
greatest friction that wo have in the instrument. ,\| any time 
the friction of the wheel-work, incredible as it seems ti'< most 


people at first sight, who are not accustomed to thinking much 
of the subject—the friction of the wheel work is Init a fra<di(m 
of the friction of the jewelod cup iijion the [)i\ot. Von must 
remember that the first wliee! of t he whe.d work is rolal(-d at 
only one-tenth of the speed of the mill who,d, ami its weight is 
extremely light compared witii the weight <d' tlie mill-wheck and 
the friction of the first wdieei is thendore very slight imh'cil, 
and when you come to the .secoml whe<d, its speed Td' ndation' 
is diminished tenfold, and its lightnc.ss is small .-ompared with 
the mill-wheel. I wms told to expe<-l this by a !,;-n-at friend of 
mine, whose name l ought always to mention'in connection with 
tbs instalment—Mr. Stroh, who assisO'd Sir('harh>.- Wlmai.doiic 
in all of his celebrated inv'cntions, and who ha . a - .i.-led me in all 
ftis work, and there is no man capable .d' giving mud. assistance 
111 the mecliaiiical detailB of nii lUsfniOM'ot lift* (his. | had in-, 
tended to make a German pim -a tidng I never did in my life 
before and I should have d()ne so if if weiv md for the i^armsst 

objeebons of Mr. Stroh, and call I his a AVeo/s moier. , .k pplausc.) 
That IS the way that the friction of the apimndus mmics in. It 
IS very slight indeed compared with Ih,. air fri,.|i<.n, cx<.cpt with 

whether the taction was a little nmre ora lil.lo less, hut ti.at it 

did not start quite so easily with extra fri<.|imi; and I have no 
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doubt that if the wheel-work were to get seriously out of order, 
and we were to have very much more friction, it would not be 
so sensitive to a single lamp, but at higher speeds there would 
not be the slightest difference in the indications. For example, 
to show you how tliat works, I passed around two diagrams, 1 
think, giving you the ratio ,of current to speed when different 
currents were passing through, with the clock-work attached, and 
without the clock-work attached. You will notice in those tliat, 
with the clock-work attached, it did not start with so small a 
current, but when the instrument was once in working oitlor 
from one and a-lialf am])ercs or so, or upwards, the two lines of 
ratio of speed to current were identical. As to the resistance of 
the instrument, I am asked wlietlier it would otfer a sensible 
amount compared with the resistance of the lamps. As soon as 
it does that, we must of coui-se stop using it. I have lun'csr been 
able to raise this wii-e to sncli a temperature that it did not indi¬ 
cate proportionately. 1 have had my win\s re<I hot, and 
up to that point it was still indicating i)roportionately. Yon 
must simply stop using it when the resi.stance here (aimjainal 
with the lamps is sometliing you do not like. d'hen! is 
another <piestion asked which i-aises a sid»ject (hat I ought 
to have spoken more fully of in my oi)euing nmiarks. Mr. Mail- 
loux has spoken about Mr. Olivcu- ll(>u.viside's imycdcnce. 
[Mr. Mailloux had pronounced the word /w/pedi*nce. | 1 beg Mr. 
Oliver Heaviside’s pardon. H(( has distinctly asked us nu( to 
speak of it that way, but to call it imy^deiu-e. He asks me 
whether the effects of sell-induction are pei-ceptible in the inslni 
ment. Now tlnwe are two effects of scdf-imlnction in a coil like 
that; one is the effect of induction of one turn of a, s|)iral upon 
another, and the other is cone,entration of tlu^ <-urrent in all parts 
of the wire, not allowing all the c,nrrent to pass through tlu! whole 
section of tlie wiix^ isimdly. These an; tin* result of using an 
interrupted current or any variable current. Modi (lu'se effects 
come into play. In this case I have only four turns of the 
spiral, and their mutual iidlucina* is of course <iuif(s in.s<*nhible. 
M^any ol you. 1 piesumc read, with interest eijiial t.o niy own, the 
delightful icseaiches of J rolessor Iliiglie.s on sell-imliiction, a 
year and a half ago, which he gave to the .Society of 'I’elegraidi 
Fngineeis and lidectricians in London. You will find rei'ognixeil 
theie tlie .fact that a variable cairrent passing through a con¬ 
ductor does not pass equally through the different sections, and it 
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l»as been inure generally recognized since that time than pre¬ 
viously, tliat there was a greater resistance in a given wire to a 
variable eiirreiit than to a steady cm rent, h^iofessoi Hngh es 
iiiidoiibtedlv showed that this change of resistance is far greater 
ill iron than in other metals. The metal I use for my conductor 
is iron. I admit that, having these, experiments in mind and 
having followed out Professor Hughes’s experiment myself in 
the laboratory at a considerable distance, I did expect to find a 
cliaiige in the resistance when I used an alternating current 5 and 
I expected that to use the same instrument for continuous and 
alternating currents would necessitate the employment of a con¬ 
stant by which the readings should be multiplied in order to suit 
it for the alternating current. I confess witli the utmost gratifi¬ 
cation that on testing it by means of the Siemens dynamometer 
on the alternating current, and using the same Siemens dynairio- 
loerer in testing it for the continuous current, there was abso¬ 
lutely no difference in the readings of the instrument so long as 
tlie current remained constant, whether the currents were alter¬ 
nating or continuous. Then 1 remembered that all Professor 
Hughes’s experiments, and all those I had made in continuation 
of them, were with a made and broken current, in which tlie 
rapidity of change from no current to the maximum of current is 
terrific, and that very rapidity of change is what produces the 
spurious resistance—^that apparent greater resistance when tlie 
broken cuiTent is being used; and that when we are using an 
alternating current which alternates very rapidly, it is true, lint 
in a variable maimer, in a manner whose variations are not coiii- 
meiisurate with the rapidity of the variations in the interrupted 
or broken current, then those effects which were so startling in 
Professor Hughes’s experiments do not appear sensibly. At any 
rate, as a matter of fact, with alternating currents and continuous 
cun‘ents the instrument reads identically. No constant requires 
to be introduced. 

Me. S. S. Wheelee: I would like to ask what is the resis¬ 
tance of the coil used ? 

Peof. Foebes : Nearly a tenth of an ohm. 

Me. Wheeleb : And I would also like to ask if you cannot 
ovei come the effect of induction by making one coil reverse upon 
another? 

^ Peof. Foebes: Perfectly; but there is uo effect of indue- 

tion. ■ 
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Me, Geo. D’Infeeville : The iuBtraiuent being so 
is it not desirable to take some special precaution to ]>revent it 
from registering when no current passes through it; for instance, 
put it in some place wliere it will not be subjected to a ciirrt-nt 
of air, or the radiation from the sun, or tlie effect of hot air '^ 

Peof. Foebes : No, 1 cannot say tliat it is. VVhon it is under 
a shade, as far as I remember, I iiave no reeolltH 3 tion of ever 
seeing the wheel moving when tliere was no cileeti*i(^ current 
passing through it. I am pretty sure it never does niove ; but 
you must remember it requires to go round a thousand times 
before it registers a sixpence worth ; so even if there were a fmv 
turns it would not matter a bit. 

Me. Henry Greki?, : 1 would ask if this has evei- iHicn int ro¬ 

duced into an Edison current ? 

Prof. Forbes: Wliat do you (aill an Edison cmrrimt? 
(Laughter and applause.) 

Mr. Greer : I mean the current that is working in tlmt s\‘s- 
tem bounded by Wall street, Nassau street, IJec^kman str<‘(*t and 
—(Laugliter.) 

Prof. Forbes : This is tlie first time the instrunumf has c\ cr 
been at work in America. 

Mr. Mailloux : I want to say that thetas is om^ point in tinj 
questions whicli I asked, that Pi^ofessor Forints (li<l iiof fullv 
answer, though he has since iiearly answercMl it in ivpl\' m'v 
fiiend J\fr. I) Xnfzevillc. Jt is in roterence. to the. s(*nsif i\’cnt»ss 
of the machine as an integrating instrimumt. In other words, 
if you take the rates of variation of a current that is not \’ar\ ing 
at too rapid a rate, and tlmn a cnmmt wliieh we will sav 
is comparatively steady, but whicli is snflnring some ptud 
odical variations, soinewhat like this—(ilhistrating ^ fho hhn*k 
board)—if we draw another curve in which tln^ rate oi' sptMal of 
the mill-wheel is used to rcjiresent (*oi*r(fKponding rat<*s of 
current, then evidently when we conu^ here (imiTeatingi if 
that has more or less inertia, then we will find that the 
increase of speed of the inilbwheel will be a littU‘ more, and 
then we will find that it will dally a little ladiind, am/ ihnt 
here also (indicating) it will be a little slower. In <jdH'r 
words, we would find that perhaps these waves wouhl not la- fol^ 
lowed so closely. Tliat is what I meant l>y inqualcm^e and tlie 
factor which would be tbe analogue, thoiigii not the (‘xnc^t eouiv^ 
alent, of self-induction. 
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Prof. Foebes :—The momentum of the apparatus has no effect. 
The momentiim is extremely trifling. As soon as the momentum 
tries to carry it around at a different speed from that which is 
determined by the yelocity of convection currents, these vanes are 
])iilling every way through the air, and act as a drag on it, and it 
inimediately suits itself to the velocity of the air currents. Since 
tiiat question has been raised I would like to say this, that you 
must not expect the instrument to go jumping about at a very 
rapid rate with every change of lamps. With a small current it 
takes about five minutes to settle down to its readings. With the 
large currents it takes about a minute. So that really, if these 
were the yariations in the current (illustrating), in all probability 
the reading you would get would perhaps not reach its maximum 
quite so soon, and here again it would have a curve whose varia¬ 
tions would not be quite so great. 

Mr. Mailloux :—That is exactly w’hat I mean. 

Peof. Foebes :—That is not due in the least to any momentum 
in the instrument. That is due to its taking a sensible time to 
aecumulate heat in the wire and a sensible time to get rid of the 
heat accumulated in the wire. 

Mr. Sidxey F. Shelbotjexe:— The Professor said it took about 
five minutes to get its rate of motion in the mill-wheel with a 
feeble current. JTow, in regard to the first question that was 
asked by Professor Yander Weyde in respect to making a hole in 
the top, does it not appear that the apparent inaccuracy of the in¬ 
strument in registering light currents, and in getting its rate, may 
be due to the generation of heat at the commencement, and that 
heat accumulating in the top of the instrument and heating the 
glass, so as to arrive at a point where there is an equation be¬ 
tween the generation of heat by the wire and the radiation from 
the outside of the glass? I simply suggest this, and I ask the Pro¬ 
fessor whether he ever has tried in making instruments, instead 
of making the whole of the cover of glass, to put a dome of cop¬ 
per or somf other conducting metal 'iipon it, so that the air which 
rises and accumulates at the top may sooner reach that equation 
of radiation from the outside of the instrument with the genera¬ 
tion of the heat wliich operates the mill-wheel ? 

Prof. Foebes :—I am asked as to the inaccuracies of the instru¬ 
ment with a feeble current, and the cause of it. I confess that, as 
a xiser of the meter, I have not, the slightest objection to its not 
indicating at its full speed for the first five minutes, when you are 
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using very feeble currents. The monetary value of sncli a tiring 
is imperceptible. If we were using* tlie instrnnuMit to detenoiiH* 
the true value of the ohm or any of tiiose profoniul I’esearches, it 
would be right to go to very great accuracy. i>nt 1 do not tlrink 
it is necessary to go to any greater accuracy than we have Jit 
present on that point, and to make tlie feeble cui*rents l)egiii theii* 
accurate reading a little sooner. I rea,lly do not think that pi*ac' 
tically it is very important. Otherwise, I think the suggestion 
that was made iniglit very likely be good—using a nietjil shade. 
Of course I have liad rmnierous changes in shaders. I hav'e triiM'l 
a shade which was nearly all metal. Jliit 1 found this shade htdort* 
you the best one I have used Tip to the preseiit time. IIoNV(‘ver, 
I think it is quite likely tliat the suggestion just made* miglit he a 
good one—that a metal shade would he fully as good jis the other 
—might be better—might make it a little more semsitive, penhaps. 
I think there may lie a good deal in what you say. 

Me. JosEiui WETZia<TR: — I have no douht that the instrunamt 
in its present shape has gone tlirough sutliciimt (‘Xjnu’inH-ntatiom 
as to make any suggestion regarding its history a lit I li* out of 
place. But 1 am a little interestcMl in knowing wh<*th<*r any ex ¬ 
periments liave been made to determine, tlu^ best angle of fhoso 
vanes and tlie best shape of them, a,nd if the shape (h*li‘rmined on 
tliere has been found to he the liest. 

Pbof. Forbes: —As to the angle, 1 liavi* eommitted the gr< ,>ssi *si' 
folly that a man w'itli the expei-ienee I liave hail witli ihiri iiiefer 
could conuiiit—I have trusted theory. I liavo iirmi |>o^iii\|.i\ 
certain that an angle uf 4-5 degrees must l>e Mie liesl. I utii >nri'\ 
Mr. Wetssler lias drawn this confession fi-om me, hecaiise it i> 
really the only respect in wliieh 1 liave trns!o<i I lie t heory. A^ 
to the other points, the shatie of the vanes has lieon the sonrei. of 
endless experiments. 1 made an enormous nnmlM.f of ehane:i‘-’ 
before I arrived at this shape, and even little defails in iho shape 
have, come from experiment. 1 made lmn<lrcds of vane^ in tlie 
experimental stage, and 1 am pretty sure that if thaf fypei.f mill 
wheel is to lie used the vanes are the I’ight shape. 

Mk. Emas E. Rxks: —Professor h'orhes mentioni'd at f he oui.'et 
that his attention was drawn to the devising of I,his meter hv the 
fact that no meter existed for measuring alfmamting (■nrrent>. 
Now, during the elaborate discussions we have listened to tlii... 
evening,nothing was said about its application to alternating cur¬ 
rents. Many would like to hear from PndVssor porbes ns to its 
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use in tliat coimection, iiiid if the meter is spcciuilv adapted to 
alternating currents where other imders heretofon^ devised are 
not applicable to tliat jnirpo.se. 

Prof. Foebks: —I .should, be verv jilea.sed to answer any sueli 
inquiries, where tliere are |)oint.s whiidi I Inive not touched' up,,,, 
sufficiently. Meteivs in the jia.st have liemi eon.struetrd by thy 
inse of, I think, only two jirineiples of electrical action; th'e one 
being eleetro-choinical action and the other electro-niao-netie 
action. Several instruments have been (ieviscd with eieetro- 
magnetic action as their basis; but those which wei-e sensitive 
enough to be practical neces.sarily contained iron in their eon- 
stniction. I do not know of any meter which ha.s been hromdit 
into practical form, which does not de|icnd on oneortheothei- 
of'these two princi|»Ie.s~the elccfro-chcniiciil or the cl(‘ctro.mu,-- 
netie principle. With an alternating cnrnmt. the current i.s,'of 
course, alternately going in ojiposite ilireetion.-. and in any eiec- 
tro-chemical arrangement which may be used, whatever is d,,,,,. 
by the current when it is giung in'one direction, i.s nmlonehy 
the next alternation of the enrrent. So tliat it .seems to me Imjie- 
les.s to think ot designing a meter based upon electro ehemieal 
action.^ The designing of a meter based on ideet ro ningnet'ie 
action is far more hojieinl; though even in eonfimnnis enrrent 
ineteis I believe the (iifhciiltii's have not been altogether "'otten 
over; but in using alternating enrrenfs the plmm.'mena of self- 
induction come in, and not only tlmt, but also the fact of vour 
liaving iron. The intensity o'f the magnetizatio,, of tin* 'iron 
depends upon the .sjieed of tiie aiternalions; .m, that, as a maiterof 
fact, it has been found in every meter v biel, has inm ia its con¬ 
struction, that the indications of tim meter, even if von keep the 
current perfectly eoihstaiit, tiri- totuily dili'ercnt when the speed 
of the engine varies; that is to say, when the nmnber of alterna¬ 
tions per second i.s changed. So tlml, if you were testum such a 

meter, yon would te.st it at one speed and yon would get at its 
constant—if It had a constant - and then \'on v unhl dve it to 
your eonsuiners, aiid of ciHinsc you vvonld not run l ourcm-incs 

at that speed; you would run at a totally diircvnt .speed, whiel, 
would law y„„ ,, . J 

S.?.o2“, f'".r f™'"'- TI„„ i, ,I„. ,;7 

imi to the eiectnwnagnetic meters, that they oj,,. 

difterent mduiaboim with (lie same enrrmu, when the speed 
of alternatioius ib (jliaiimid 






imoussioA: 


Mr. F. L. Pofk : — Like a gas-meter when yon change the 
pi*essiire. 

Prof. Forbes: —Yes; like a gas-rm^tm* wlieii yon (vliMrigr* liie 
pressure. It was thinking of these things, and thinking jilso of 
other effects of the electrical cauTent, that nnule nn* <'oiielni!o f Imf 
tlie only thing whichi woiikl do was heat. I have oileii tltoiighl 
of the question of meters l)efore, aiid although yonr pre-ide!if 
has been kind enough to say tint I luive inveiittHl nnr or fuM 
things, I always try not to invent, if possihh% he(»ansi‘ find utu 
my business. My profession is consnhhig work. Ihd sonnuinn*- 
it is irresistible, and wlien a, nnm delitss yon do a thing wliiolt 

you know you can do, it is totally irresistildm I had Ih'ou ildink 
ing over the mattex a g<K (hail l)efor(% but I nevm* !iad nnnh* up 
•my mind how I was going to do it; lad s<) stH^n as thi> d«'lian<n 
was put before nie I immmliately hit upon this iiielhod. The 
reason, then, why this is suifabh^ to alU*rnaling (mmad;^ i;% fhai it 
measures the heat generahal; it nu‘a,sun‘s tin* (‘uergy uhi^h i- 
used up ; it measures a (‘.ertain fraction of tlH‘ (*mi*gv whi<di 
heing used up in tlie lamps, and tiuit is what w«‘ want t*» imni>urtn 
and it will do so whetiuu’ are using alhuautling eurrout . ur 
(?()ntinuous currents. 

Mr. limsThe spccal ()f the alternathms per .Hooitnd has no 
effect ? 

Prof. Forbes:-— Mas no effect np<ui fhi^'. hiiii|dv 

measures the energy.-a- (*ertain fra(‘ti<m (d the miergy of tln'' 

lamp. 

Th 3^ Piu^:sn)EN'r :~\Ve hav<‘ with n'«. !hi.H (‘vetdng a giiilh'iMatj 
who has (hincnnim^^ anyom* els(* elioafo the oandard *d 
electrical iiistrrunents of iinadsiun in this efiimiin, I allud** 

Mr. Edward Weston. Ida* snl>je(d: ladV»re m Ims already d*' 
vekrped niaiiy p(>ints of great interest, and I have n»a the lead 
doubt that Mr. Weston (*an contrilmh* very largely to our in 
formati(),n (vn tJiese p(uid^^^^^^ aJso foticlt upon othei-r*. fhaf hau' 
raff, yet beeti hroiight f(n’wa.rd. Mr. Westtm, Wi* should fie ven 
happy indeed to liear from you, 

M.r. Edward Weston:—.! d<.> in.it know that I ettn hiix u*ia 
niiicli m()re than has alr<‘a<ly lieen said in n^gard to the iusiru 
iiieait by Protessc.ir Io>rl>i.‘s. I think it is an e\treniei\ ingeiiitmw 
and^beautiful iii:Htnin.u.ad:. Tlwm has hemi nhvmh a greuf deal 
of time and a large amount ot nuiiu^y spent on elect rie lueier*'^ 
for diiwf enuTents, aiul I (*au say with fh*ofesHor Forbes, itint 1 
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in sncli an insta-uce as tliaf, von nn* UM*a^iirin^- a \<a'v sniall 
fraction oi the (-.nrroiit ])iis.siiii--, and whafcvcr ,.|Tnr v,,i, havr, you 
are imiltiplyin^i. tliat error l.y (imt fraeli.,n. ( f y.,,, arc mrasurin- 

1-1000, you are imilti|)lynm'your errors l«y Auyoue who 

lias had nracli to do with electro-melallurn'v huows lluit liie cells 
m-e constantly chan^ii,«; that to keep tin- deposit n.-ularaud uni- 
torm; to keep resistance of the solution uniform, they must he 
constantly attended to. Then- is not an <deeirophiler ili the eoun 
try who does not once in a while In and stir up Ids haths. 
kSnehan mstnuuent is of uo real \alu.y W.- m-o ct r i 
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tMnk, dismiss those 

o-reat deal of work Im already been <lo..c on inuonotn n~U 
meats; that is, instrumeMts that depend upon the n.nyneln- at 

traction of the current through a wire-.-or tin' current iluo,„. , 

wire going around an iron coil. !.. tlu.sc inst.-nn.enis we i.a^e al, 
the defects which have been referred to as possihlr \ov.i \ 

in this instrument here to-iiight, nmanifest( m 1 a ilHaisand 
more, with numerous others tliat do not (‘xisi in t his in t nene iil 

at all I can speak feelingly on the niattm* lu‘(*aUM- i havo givmi 

a great deal of attention to it, and have tlionglit one.* or fwiet' 
had something very good, and have I KMUi finally obliged io 

don it. If any one will take the reeor.ls of tiie I*att‘nf < t.ii 
electric metens, he will see there has been nosniali nmounf th line 
and thought, and money, spent on th;d (juesfion, kntelie:dh , ue- 
are in the same position as we wen^ Ixd’ore. We had ixa Idmi^ pf 
tlie electro-chemical meter, whieh, as I say. 1 e.nisi»|er 
worthless. Instrinnents liavn hcvn Iniilt vvhi(‘li are ap|.ro\iin:i 
tions, but nothing in comparison with this, and i! ihey wer«% fhe\ 
would not he of as universa.l a|>]di<*.ati<»n a-^ this insirnnein t 
This instrument is applicable t<) (htlier alternating or diivcf ent 
rents, with the saine practical degree (d* accuracy a fhiiu! v**r% 
much to he desired, i>articularly in the pn^sent aafo of af t, I 
will refer a littic to sonie instrunn‘nts <hat have hren bnilf in ’ v 

own laboratory, just to give you an i<h‘a o1 tlx* tngmiuit \ and .d 
displayed in working out this instrunumi of Prof, loirbe , .i!}d 
how nicely it overeoineH all tlu^ diflieu!ti(*s. [The : peaLta* h* i*' 
made asketch of Weston meter, Kig. 2,\ Wt* have ixu'e an ordiu o 
magnet with the so-called conse<jU(‘ni poles, which in lid ea. ♦ n. 
in tiie form of disks, instead of Ixdng eurvetl out for the 
of an armature, Thes (3 poles an* l>rougbt as eluf.e ftp.M'fIier a 
they possibly can be. Tlasre is an nnnularehainher riinniu:*^ iibcind 
the lower pole, in which nnuvury is poured. A inereiuy • up 
is also placed on the base of tin* instrument, in fix* raid «•! v hieh 
is inserted a cork float to get as litlh* vveiglfi .m tin* |d\Mf w hndt 
enters the stein as [MiHsilile. This spun pashi> np ri^^hf iIirMii».di, 
connected with tlie disk at the cenii*r and then engage,< a w tn el 
work similar to that whi<*h Ih’ofessor porlies ha,^. here lur ftir 
purpose of registering the auin!)er of revolutions of tin' 

.Now, if this magiiet, which wa,s woum! with vi‘ry lim* wir*% wuh 
placed and so proportioiieclas to be saturated with llie niaxiniiiiif 
current that would be likely to ilow wiili the* tiil!ere*iiee mI' ooIoh 
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tial on the circuit, i. if tlu* (‘cre vvns kept (‘oiistanfly saturated 
then a current passing in would gothnuigh iluMlisk readilv, dowii 
through the cup and out through tht* franu* of tlu* niaa’uet the 
magnets being placed iii dcrivcMl no to i<or*p flaau eon 

stantly in the point of saturaf iou. rndor tho^r <*ir<ann>ian<H‘s of 
course, we should have a, series <d’ radial eiirnuil-. Ilowiugout 
the center to the peripliery, or vi(*e \ er.si. Sindi heiu^-1 ho 
disk would coinmence to rotate and rronrd ihr numher (vf revolu 
tions on the little wheel-work or regi.sttu-itig apparatus euijdoyod 
with it. This instrument was the n\^ulf uf a gnsaf doal of lianl 



wm'k. It lias beeti alKSoIufely ulmudmterh I oould not find any 

tbng that was realiy HatisFu..turv, a.al I I,. f|,i„ la.l uf „il 

It stands oiyay lal.orat-rv laid. unw. 1, ha, 

foi two or threo years. 'I'lns iuslraiueet. l,uw..v..r. willha ct 

TL enttr' lixu-ls vu.s ... narrow 

as to cntiidy proh.h.t its use fur praelleal work. When fhe 

sp^d varied, the ekn.ient of frieiiuo i„ ,1... m.-reorv e;uue i„|o 

py_here,and very seriously ehaup-d .he rate of n-iolutio„of 

the instriunont. I do uoi know who,her rrofessor Forla's has 
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done any work involving tlie friction between a nias.s ot nudal 
revolving in mercury or not. 

Pkof. Fokbes : I did a good deal of that at one time. 

Me. Weston: If you did, you will nnderstand tlic difficultv. 
Nothing was accomplished. Now when I come to see an instru 
ment of tkis kind, after the ainouii^ work that has ]>een put 
on mine, it makes me ashamed to think that 1 ^B]>ent so inuch 
time on a thing of tliat kind. I may say that it lia-s {ilrca-<ly 
given rise to a very neat form of current instrument in which, 
instead of having this disk rotate, it was fixed, and a lai*g(‘ index 
brought out from the disk, in which case it was absolutely i>re 
portional to the number of lamps in circuit. F()r a, staticumim 
meter I do not know of anytliing that equals it to-day. It 
shows one lamp wlicn there are JKH), or 4o(), or bbo on, Just as if 
shows one lamp by itself. Professor Forbes has got here tin* 
simplest instrument that I tlnnk could l)e built. I do not sea* 
how you could impi‘ove it very much <xx<*.ept in (h^taih The 
principles are correct, and I luust congratulate him very highly 
indeed upon the success of the instrunnvnt. (A pijlauscx) 

Mk. Kies: After Doctor Vaaider Weydexs sugg(‘stion, whicdi 
was tlie first one made this evening, about that boh^ in the root, 
it occurred to me that perliaps another principk^ laxsides f ltost* 
mentioned by Professor ForI)es might b(‘ utili/aMl in the eensf.rue 
tion of a meter of this class. J^rofessor Forhes numt i<un‘d (dec* 
tro-cliemical action, electro-magnetic*, action, and caloric*, or Insit, 
as the basis for a ineaBuring instrinnent of this kind. Now if 
we could obviate tlie friction due to the r(*volnti(m of fhe.n* \ani*.-^ 
in the air and place them in a va<*unm like Frookc's' rmiiomefc*i\ 
and instead of utilizing the ]>rin<*iple of heat, use tbat of light to 
give motion to the vanes, I do not know but that would makr a 
very delicate apparatus. It suggnists lurdlVn^ut clinic* in \vbit*b 
to work. You might, perhajis, take tluxsc* vanns and j»lai**‘ flMun 
in a dark cell, Burround them with a stri|i of |d:itinnm wire* <u* 
carbon filament, and use the variations in light to c*hang<* fin* 
number of revolutions per second, and tliat (*ould he* r(*cM>nlc*d by 
an apparatus similar to that used liy l^rofesscn* h'orla's. I .simp!\’ 
offer that as a suggestion. 

Me. Weston: I did not speak of the geu(*.ra.l (*lass of nudxuv. 
There are such meters as are dcqmndeut on tin* a(di<>n of (dcH*,k 
work. A good deal of work lias been done on fhosix I ijiink 
Mr. Gardner took out one of the first patents. In this c^asc* I 
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think the clock-work was to keep the geiir-wh<*t‘!s ing at inn 
form rates, and the device for traiisi 11 i11ing that t hi*«> 11 i 1 1 1 <' 
recording apparatus was to enable a cluinge to bo in f fio 

rate of recording. Of course, there lias InHai a gri-af vurit i v 
of instruments of that class designed. Tluni fln*ri‘ lia> bom a 
■ class designed which has contemplated tin* quantify ol ga- 
generated by electrolysis. That can used; Init f in* huiiio 
objection holds in that that liolds in the otln*f one, fioit yoii 
cannot put that instrument in tlie dire(*f (‘inmit. !f liiii t 
be in the derived circuit, and you must tln*n inoaoiro f!to 
gas, which induces a great many erri)rs wdiioli liavo to* h* 
compensated for. Then there have Ihm*!! otlior in fnmn-m 
in which it has been proposed to use stri|»*' 0 } papor runnioi* 
under a stylus which could be uioved mon* or lo-> lo a niaun*aio 
current. But you can see, wlieu you sift them ;d! doun fhaf 
there is not one wliieli is aiyj)licable to an\ s}'<>^(otH of uorL 
that is now in use. This instninieiit a|)pears to un* to bo . m ap 
plicable. Some people may say that is a very ihdioaf t* instruntonf. 
Well, there is a great deal of very d(‘li(‘Mte work alMUii olmirir 
lighting, and the sooner we get men who are d(‘li(*afo oinnigli !♦» 
handle it the better we shall 1 k‘ olT. You camH>f widt for nioii fo 
be educated or depend upon men <mtirely. \‘on havt* gof run 
on with the art and the men must grow xip with if. A (r\% 
ago there were no ammeters. Volt-metors usiMl to bo ridi^’uh d, 
Everything was rule of thumb. People are beginning gradualh 
to see that it is necessary to use instruments. They lind it on flje 
balance-sheet. I would just as soon think uIhuh running: a nnoni 
faeturing establishment where electrical ajiparatus is mndo, u irb 
oixt delicate measuring apparatus, as I w«Hd<l think of nnifung u 
machine shop witlmut delicate inimsiiniig apparatus, \t i. jn o a. 
foolish to tiy to get along with a foot-rule as ymr standard in a 
shop, and without using standanJ gnug(*s, Idu* man v\ ho u^rL fo 
1-4000'^, whicli should be the absolub* limit on all fir a ela.-. H-ii, 
is the man you want to employ. lie will save yoif momy, bf'e.m 
he will do your work tlie same wsiy every tinnu and there will bo 
no tinkering and pottering to get things together, i Applause - 
The Pbeso)iot:™]4 is not at all oiir pra<*tiee to rail upon 
gentlemen to speak; but I must say that 1 think I <io but utfn 
a general desire when 1 request Mr. Howell to favor m. u itb a lou 
remarks. He iB working in a de|)artnn*fit which been ueev 
than once alluded to this evening, and witli whic*li fte m \erv W'ell 
conversant. 
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Me. J. W. Howell:— Mr. President, I was very much sur¬ 
prised to hear what Mr. Weston said. I am surprised that he 
does not know that there is a temperature correction in the 
Edison meter. The Edison meter has been in use industrially for 
five years, and I say without hesitation—and I am in a position to- 
know the opinion of the practical men who are using the Edison 
meter—that they think a great deal more of it toMay than they 
did before, and the more they use it and the more they know of 
it, the better they like it. 

There is one thing about that meter of Professor Forbes’s 
which recommends it to me as the result of experience with 
instruments sent out for general use. There is one peculiarity 
about every American electrician—^hehas got to know what things 
are made out of, and if you do not show him he will find out for 
himself. . How that instrument shows itself. You can look at 
that and see what every part is, and you do not need to take it 
apart. I have sent out a great many instruments. The first 
thing a man does with them is to pull them apart and see what 
they are made of. There is no necessity for pulling that instru¬ 
ment apart—^you can see all about it. 

There is one thing I would like to ask Professor Forbes, and 
that is the effect of lowering the shade. I see he has a shade 
there very much higher than the instrument apparently needs. I 
would like to know if that is necessaiy to allow for air circulation? 

Peop. Foebes: —Yes, it is more sensative with a higher shade. 

Me. Howell:—You find tliat that shade is about the riffht 
height? 

Peof. Foebes: —That is about the limit. I have gone through 
dozens of shades to see what is the right size and shape, and that 
is the one I fixed upon. 

Me. Howell: —The impression that instrument makes upon 
me, and upon a good many I should think, is that there would be 
a difliculty in shipping it and getting the men who liaTe to put it 
up and use it, to do so properly. I know that the men who will 
use those meters—the men who do bur meter work in electric 
lighting—are not the men in whose hands I would like to put an 
instrument of that sort. Plow is that shipped, may I ask, Pro¬ 
fessor Forbes ? 

Peof. Foebes: —I packed the glass case separately when it eaino 
over. On this occasion I took off the vanes. I had three par- 
cels for that instrument—one containing the elock-work and all 
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the brass-work you see there; another containing the mill-wheel-, 
and another eontaiiiing the glass shade. They have traveled in 
ETiglaiid very large distances with that arrangement in action, 
which I pointed out before, by means of which the vanes are 
pushed up against a stop. The person who was going to use it ha<i 
nothing to do except tightening np a screw as hard as it could go, 
and then it was free to work. There was absolutely nothing to be 
done except that, and I think 1 should do that in fntnre if I- re¬ 
placed that glass shade with a metal cover. I have not replaced 
it with a metal cover, beeanse yon can see it work. I like the 
glass shade, but 1 dare say a metal shade with a window will, iix 
practice, be the thing that will be adopted, in which case the whole 
thing will be perfectly safe to pack np in one piece. I shall cer¬ 
tainly not allow the workman who nses it to tonch the mill-wheel. 
I shall have that arrangement which is on it now for lowering the 
vanes on to a point. 

Me. Weston: —I take it, gentlemen, that the instrnment ex¬ 
hibited here is not intended to be the instrnment in nse. We 
know that people do a good deal to get around meters. Gas com¬ 
panies will tell yon that people will punch a hole throngh. But 
of course it is practicable to protect that as well as we can pro¬ 
tect anything. 

In regard' to the electrolytic method by the direct cnrrent, 1 
tliink I am aware, and I have been aware for a long time, that 
Mr. Edison has had a temperature correcting device in circuit 
that will work within certain limits. I still say, and I say it 
withont any fear of being proved incorrect, that such a meter 
cannot work snccessfnlly and practically within the hmits that it*' 
ought to work, and I think that is the universal testimony of con¬ 
sumers at any rate. 1 suppose there will always be more or less 
complaint by consumers about all kinds of meters, but I thinlv 
they have been pretty well founded in that case, because I think 
the meter is incapable of doing as good work as we want a meter 
to do. I do not mean to say you cannot make a meter that will 
work. 

Me. Ceogkee: —Iran roughly over the amount of heat that 
would be generated in Prof. Forbes’s instrument, and it came so 
high that I should like to run over the figures now and see if 
-they are right. Fie says the resistance is a tenth of an ohm. 

Peof. Foebes: —Under a tenth of an ohm I said.^ 

Me. Ceogkee Assuming it to be a tenth of an ohm, 20 
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amperes would give there two volts drop, and two volts and 2o 
amperes give ns 40 watts, and 40 watts imiltiplied l)y 44J>, which 
is the only equivalent which I happen to reniember, is ahout 
1,760 foot pounds, and 770 footpounds per heat unit, Falirenhcit, 
gives us two heat units rouglily. Tliat is, two pounds ot water 
will be heated one degree Fahrenheit in one minute by Ih^ofi^ssor 
Forbes’s resistance when it is working up to its full ca])acity ot 
20 amperes. Two pounds of water heated one degree, is ecjirival- 
ent to eight pounds of air heated one degree. I believe the 
specific heat of air is a quarter that of water. Iduit is my i'c*col- 
lectioii; it may be wrong. There are eight ])ounds of siir IieattMl 
one degree Fahrenheit. ISlow the contents of that sliade ilua-t^ 
is approximately a quarter of a cubic foot. 1 should thiidc 
it is a foot high and quarter of a s(|uaro :f<M>t in (*ross set^tiom 
Now there is one (piarter of a ciil)ic foot of air. Oiu^ cubi<' foot 
of air weighs yfo of a pound. A <[uart(‘r of a <mbi(‘ foot weighs 
yfy of a poxmd—a fiftieth of a pound—tlu* ('ontents of that 
shade. Therefore, the heat produced in that sluidi*. would Ik^ fifty 
times as much as it would be in one ])oimd of air. Fight times 
50 is 400. Therefore we have 400 degrees ptu* iuinut<\ It is a 
very liigh figure; I cannot believe that it is I’iglit, Ihit wt* know 
that the capacity of the amount of air in that slunh^ for h(*at is 
very small, and we also Icnow that tla^ amount produced in a 
tenth of an olmi by twenty amperes of current is (juite liuge. 
Therefore, perhaps that figure is ajxproximately right. 

Pbof. Forbes :—I tliink perliaps it would be bdfer if 1 might 
be allowed to answer the <juesti(>n afhn* it has been writfen ixut 
by the shorthand writer. It is rather dittiendt to folkjw tin* point 
where we went from water to air and the largm* fjuanlitics, ami 
to see that the figures were right. But ! do not si^e that the 
quantity of air that is Iieatcd, or the <iuantity of wat(‘r that ih 
heated, has anything to do with tlie <|uestion. 1 would sugg(‘st 
that the speaker, instead of taking that Vino, wnubi simply multi 
ply it and find how much energy is us(m 1 in the motor wiunt 
twenty lamps are burning, and find out low mmdi energy is 
in the lamp when twenty lamps are burning, and <livid<^ om» by 
the other and get tlie percentage. Bettki upon the porotmtagi' 
more than which you are not going to use, and you hnxoU. 1 
should think very much over two percent or so, would bt^ very 
undesmable to txse. In some eases it might go up to thr<*e or 
four, possibly, but I should think, as a geiunnl rule, you would 
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find two per cent, as mncli as one would care to use. The ques¬ 
tion of the number of lamps you use, simply depends on what 
amount of energy you care to use. 

Mr. Crocker :—I did not mean the efficiency of the apparatus- 
I did not mean that Professor Forbes’s meter used up any con¬ 
siderable fraction of the current. I merely meant to bring; 
forward, as an interesting point, how much heat is j)roduced in 
the meter in a given time, and to calculate it as well I was able 
to with the figures I happened to have in mind. 

Prof. Forbes :—Then I would point out that theoretically yon 
have to take in another 23omt, and that is, that there is continual 
radiation going on, and that during constant running there is no 
addition to the heat contained in the instrument. It arrives at a 
constant condition when the heat generated in the wire is 
equivalent to the heat radiated from the surface of the glass 
From numerous experiments, both in Sir William Thomson’s 
laboratory and also by Professor Tait, we have got at the 
constant of emissivity, the rate of radiation, and it is very easy 
to go on with the calculation a step further than done just now, 
and calculate what is the temperature which wmuld be reached 
when the emissivity or the radiation from the surface is equal 
to the heat generated from the wire. The problem, looked at 
simply as a theoretical problem of interest, can actually be worked 
out by going a step further than the speaker has just stated. 

Mr. Wheeler: —What is the approximate temperature of that 
globe after running a few minutes ? 

Prof. Forbes:— Punning at its full, it is 120 perhaps. 

Mr. Wheeler: —Then even at that low temperature it must be 
enough higher than the surrounding air to radiate 2^ heat units 
per minute, according to Mr. Crocker’s figures. 

The President:— MTiile these calculations were being made 
as to the condition of the air in that globe, I was very forcibly 
reminded of the condition of the air in this rooin, and it made me 
wish for the time, not so far distant, I hope and believe, when 
both the civil engineers and ourselves will have a meeting hall 
worthy of the two societies. 

The discussion being at an end, though by no means exhausted, 

I think nothing remains but to ask Prof. Forbes to close it with 
such remarks as occur to him as proper, and that being done we 
wdll adjourn to the next room, where a collation awaits us. 

Prof. Forbes : Mr. President, I really have very few remarks 
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to make except to say that I feel that tliis discussion lias been of 
great value to all of ns. Very interesting points liavc l>ccn raised, 
and I have heard suggestions which have given me great int(‘resi 
indeed. Of course, in working at tliis instrurnent one startcMl 
from theoretical notions, but one gave tliem up very soon and onc‘ 
had all sorts of resources at one’s hand to vary tlic forms of tliese 
curves, some of which I have already shown yon. 1 si ion Id like 
to show you the curves whicli I got when I first inadc tins instru - 
ment. The curve ought to be simply a horizontal line. One of 
the curves which I first got was aiinost a (J-, Jeid yet 1 had the 
greatest hope even when I got that. By two (*hanges I was id)h‘ 
to reduce the line down to a liorizontal, and thcia^ w(‘r<‘ lunmn’onN 
other changes. In the course of working that instrument out, 
I learned more about convection currents than I knew ther(‘ 
was to learn, and really one has power now to handle tlumi 
one pleases. 

I have no more remarks to make, exiaipt that I tliank evmn 
one here for the pleasant diseussion we have had I his e\a*ning. I 
think it has been very instructive, and 1 havi^ felt tlironghmit, tin* 
same kind, cordial syinpathy that was slniwii in England. I di<l 
not expect to find every one rcjuly to look ui)on it in tlie way iti 
which Sir William Thomson did, witliout any sign of regr<*t that 
it happened to be done by another. I thank everyone luu'e f«»r 
the cordial way in which they liave received this strarigm*. Ap 
plause.) 

On motion of Mr. Pendleton, a vote of tluinks wjis t<‘riden‘d 
Professor Forbes, and the meeting adjourned. 
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Sidney F. Siielbourne. 

The special meeting announced for November 9tb convened 
under exceedingly deiiressing circumstances. 

Among those who visited tlie Electrical Exhibition at an early 
hour was Mr. Sidney F. Shelbonrne, one of the charter members, 
and since May, 1886, one of the managers of the American In¬ 
stitute of Electrical Engineers. In order to more clo.sely inspect 
the electric lighting machiuery, he entered the enclosure wliere a 
Trenton engine running at high speed was driving a Matlier 
dynamo. According to the statement of an eye-witness, Mr. Shel- 
bourne, in passing the fly-Avlieel of tlie engine, Avas apparently 
drawn into it by rea.sou of Ids clothing catching on the spokes, or 
possibly by his foot slipping at the edge of the wheel-pit. He 
was caught by the downward turn of tlie Avlioel, carried under, 
and thrown from tlie top by centrifugal force, his lifeless body 
striking against a steam pipe and falling to the iloor. His death 
must have been instantaneous. After taking the neees.sary steps 
for the temporary care of his remains, the visiting electrician.s 
gradually assembled in the Managers’ room, Avliere President Pen¬ 
dleton, of the New York Electrical Society, after a brief announce¬ 
ment of the fatal accident, appointed a committee to prepai-e 
suitable resolutions as a trilmte to the memory of the deceased, 
and the meeting Avas adjourned Avithout day. 

Mr. Shelliourne was fifty-one years of age, a graduate of Union 
and Yale colleges. Although a lawyer by profession, he was na¬ 
turally scientific in his tastes, and for several years had devoted 
much labor and thought to electrical branches, more especially 
the underground problem. The corporation of which he was 
president, the New York Electric Lines Company, was organ¬ 
ized expressly for the purpose of supplying subterranean conduc¬ 
tors for the various electrical companies. The franchise secured 
by this company is believed to have been the first granted by the 
municipal authorities for conduit privileges in the streets of New 
York. 
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As an original claimant for the rights thus Mr. Hhel- 

bourne was vigilant in Ids efforts tosecui*e what in* h(‘li<‘Vi‘d tulvo 
the just reward for liis foresight and perseverant'M. Againstovwr 
whelming odds^ he has persistently l)iit iinsuccav-^sfully ])resse(] tlie 
attack against what lie considered a nsuriiation of authority l>y the 
Oommissioners of Electrical Subways. 

Mr. Shelbourne has been equally j)ersistent ain! faithful in his 
duties as a member and officer of tlie I nstitute. \V hen iiitiu’eNt in 
the society has lagged; when at times it 1ms semueil that its vi» 
tality was ebbing away; wlicn skejitical adheriuifs doulifed its 
future success; it was then that the vigorous prtvstuuM* of our <li‘- 
parted friend stood fortli as a cons|>icuous example <»r iutrlligrnt 
partisanship, determined and upright in his l)(»litd‘ that the field 
of usefulness open to the Institute was second to lu nie of its elmr- 
acter in tlie world. Although there is a, vanauit sent in flu* ( duu 
cil, the cause for wliicli he laliored so (airiaastly lia> h<M*u iu a 
measure upheld hy his steadfast oxaniph\ am! t!ie»se who have 
been encouraged hy his presence, will si ima* tin* nuua* ardmardy to 
elevate the Institute to that standard so fmu'eutly (fe’pieti‘d hvitiir 
late colleague. 


SiuOTAu MnimNG, Adjourned from Novemhrr ffiln 


Held at the House of tlie Ameiahmu Hoeiety of < 'ivi! Kugiuoors 
127 East 2od Street, NovciuIku' In, ISST, 

Tlie mooting was called to older at S P. M., hy llir Ihvddmti 
of the Institute, Mr. T. (J. Martin. 

Tun PiiEsiDKNT: You arimill, no doubt, awaia* *if ilu' nad eir 
cumstances which attended our lasi,nnading,«»f whieli f ho proHeiit i,i 
the adjournment. IJefore we pro(»ca‘d, therehnv, fo (in. jv-^idm* 
business of the meeting, I will askdhe ScHuaqary Im pro wnP tlio 
resolutions whidi liave been mioptml I)y flu* ( ’ornudl of the lu:,n 
tnte, as a tribute of respect to tlie nuunory of Mr. ShollHuiruo. 
It may be within tlie recollection of most <d’ you that Mr. Slad 
bourne was froni the earliest tinie a,HK()<‘i,iio<l with tho InhUituto 
and that during the hist two or three years iu‘. has tukeu an aoti^ 
part in its work as a Manager, giving his tiim^ and atfiuuiou and 
legal ability freely to its service. We miss him vc‘ry great 1 w ami iw a 
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member of tlie Council myself, I can only say tliat I hare very 
often been greatly encouraged in ray work for the Institute, by 
seeing that which he was at all times willing to undertake in its 
behalf. 

The Secretary then read the following preamble and resolutions, 
which had been adopted at a special meeting of the Council called 
at 7:30 P. M. 

Whereas in the death, by accident, of Sidney F. Shelbouriie, 
the American Institute of Electrical Engineers 'has sustained a 
severe loss: 

Eesolvbd, That we, tlie members of the Council of the Insti¬ 
tute, hereby record our deepest pain and grief at tlie sudden blow 
which has deprived the Institute of an active and unwearying 
Manager, and ourselves of an associate ever prompt to render 
assistance in the regular work ot the Institute and to assume new 
duties and responsibilities in itsbelialf. 

RnsonvEi), That we specially recognize the i-alneof Mr. Shel- 
bourne’s services in his revision, as a'’member of a Committee, of 
the Institute’s rules and regulations, a work performed with 
tlie utmost care, discrimination and success. 

Resoj.ved, That we exjiress hereliy our sense of the many estim¬ 
able characteristics ot our friend and a.ssociat(.‘, exhibited in li’s 
work as a Manager of the Institute, his cnerg)x Ids courtesv, and 
his persistence in what he deemed for the' best interest of the 
body,_and most likely to promote, through it, tlie welfare of the 
electrical profession. 

Ixiosoi.vim, that these resolutions lie sprcaxl on the minutes of 
the Council, and be printed in the Transactions of tlni Institute.' 

The Pkhsident : At the meeting at the EleetricaJ Kxhiliition 
a committee was appointed by Mr. Pendleton, the President of 
the .NewTork Electrical Society and the chairman of thi^ meet¬ 
ing, to draw up resolutions with reference to the mitimely 
death of Mr. Shelbouriie. The Committee will now phais'e 
report. 

Mii. II AMULET, Ghairman of the Committee, read the following 
resolutions and moved their adoption: 

Whkeeas, The raeinbers in joint meeting of the New York 
Electrical Society and the American Institute of Electrical 
Engineers, learning of the sudden death of their associate and 
comrade, Sidney F. Shelboiirne, at the moment of their assembly, 
which, being communicated by the Oliairman, brought a resol'u- 
tion for immediate adjournment in view of the calaiiiity, and the 
appointment of a coinmittee to draft resolutions apiiropriato as an 
expression of their grief at this loss, as well as a means of convoy¬ 
ing a tribute to tlie memory of the deceased : 
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Kesolved, That in recording the death of oiir valued associate^ 
Sidney F. Shelbonrne, we desire to |)ay a tril)nte to liis ])6rsonal 
worth and good qualities, as seen both in his friendly rcdat ionship 
with the Society and in his services as a nieni!)er and ofHcan* of tlie 
Institute. We deeply regret and de|)Iore the eahunity of his un¬ 
timely and accidental death, depriving iis and the (‘k‘(*tj‘i('al pro¬ 
fession of an earnest worker, always willing, upi*ight, genial a,nd 
considerate in liis connection witli us. 

The resolutions were Tinaniinously ado|)t(‘d. 

The Peesident: Tlie resolutions will avc'ordingly l>e entered 
in the Transactions of the Institute, and a co[>y will, a,s rcHjuested, 
be forwarded to tlie Electrical Society. 

The subject before us this evening is oiu^ of thci gr*(‘atest inter¬ 
est and will be presented to us by a genthunan whom we all 
recognize as foreniost in bis profc‘ssion in this ('ountry. It deals 
with recent improveinents in aqiiiaratus foi’ octs'in ttdegra.phy, and f 
have great pleasure in requesting Mr. Outtriss to jirocecul with 
the reading of liis paper. 



EEOENT IMPEOVEMENTS IN APPAEATIJS FOE 
OCEAN CABLING. 


IJY OJIAELIOS CUYTIM8S. 


In order that tlie improvcincnts einlxxlied in the instruineiit 
jon may have seen at the American Institute I^Iectrical Exliihitinn 
maybe clearly a23preciated, it would he well, perha])s, if I were 
to mention briefly the instruiiients previormly iiscxl on tin* Ai.hiie 
tic and otlier long submarine eal>les. 

The mirror galvanometer was uiidoulh.edly the flrst eoinmore/i* 
ally successful instrument ever used on an Athuif ic*. cable, and 
you are all so familiar with it a,sa measuring in.strnnnnit that a 
description will he superfluous, l)ut |)erjni]>sit will lx*. W(dl lo point 
out its defects as an iustrunieut hy which uu‘ssag<‘san‘ rtMxnvtMi: 
Firstly, it reepires two o|)erator.s to work it, oin^ to call out the 
signals, the other to write them down. At a iirst glam’c tht^iH* 
would not seem to he much room for errors (ui the |)art of the 
writer; as the operator is caJled who writ(‘s tiu* nu^ssagi* Itdler for 
letter from the otlier’s dictation; hut yon will s(‘t‘ that they enn 
easily he made wlien your attention lias Ixx-n drawn fo the 
similarity in sound between “ P,''''AL'*' N A ami 

other letters when rapidly called out This similai*ity, (d‘ <*uur>e 
depends largely n|K)n the more or less (‘h^ar eninxnat iuu of the 
speaker. The liability to misunderstand a letter cm the |>arl of 
the writer tells severely against the rapUlifif of the ^rvxlrv w< well 
as its accuracy, for this reasoii: supposing the wrifm* misses a 
letter in a code message; he has no possilfle way <>f telling front 
the context what it should he; lie cannot intm‘ru|>t flu^ laxanvm* to 
ask him to repeat it, tlierefore his only course is to omit it and 
trust to his reader’s recollection of the partitmlar u“ord at the i*nd 
of the message. If lie sliould not rememlier it, they must tlum 
delay the traffic liy getting the word reixaited from tln^ distiuit 
station. 

In order to avoid this liahility to misimderstand one nnoth 
or, some operators get into the way of calling out f lu* k^tter and 
immediately following it with some short word wh<^s(‘ initial 
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letter would correspond with the one called out, such as “ n foi 
‘‘nuts,’’ “in” for “mutton,” etc. 

Another cause for delay arose from the fact that some readers 
would neyer tr-ust to the correctness of their writer, but would 
always stop at the end of a message to scan it over in order, if 
possible, to detect any error that might have been made. While 
all these things added to the delay in transmission, one can hardly 
blame the clerks ; for if an error was discovered at headquarters 
it meant a fine of jig? i or | a day’s pay, in which all three of the 
clerks—^the transmitter, receiver and writer—had to participate. 
It was impossible to lay it at the door of any particular one, as 
each of them would most emphatically deny the soft impeach¬ 
ment of the possibility of his making an error. 

These causes of delay are now obviated by the use of the re¬ 
corder, as the operator can always take a second glance at any 
doubtful signal. Were it not for this liability to error on the part 
of the mirror clerks, I doubt if that instrument would have been 
so entirely superseded by the recorder, for its simplicity is a great 
recommendation. It requires very little skill in its adjustment, 
and with clerks that work well together, its speed is as great, if 
not slightly greater, than that of the old form of recorder. 

During the years 1868 and 1869, while I was in Sir William 
Thomson’s laboratory at Glasgow University, his first siphon re¬ 
corder was constructed. I well remember the instrument, the 
electro-magnet of which was a ring of iron about 1 foot in diame¬ 
ter ; 1 inch thick and T inches deep. The signal coil was rectan¬ 
gular in shape, about 6i inches long by 2 inches wide. The 
electro-motor for drawing the paper slip was an ordinary 5 or 7 
armatured wheel with two electro-magnets. It was provided with 
two bands, one of which turned some wheelwork, which drew tlie 
paper slip, while the other rapidly revolved a small generator or 
replenisher which produced by induction, static electricity for 
maintaining the electrification of the ink. This replenisher Avork- 
ed on the same principle as those used for maintaining the poten¬ 
tial of the Leyden jar of Sir William’s quadrant electrometer. 
The whole arrangement looked like a medley of different instru¬ 
ments selected at random from a laboratory supply j yet each had 
its different part to perform, and it was wonderful to see the re¬ 
sults that were obtained, when they were working harmoniously 
together under the direction of the masterly mind of the man who 
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organized tliem, and wlio stands peerless either as an Inventor, a 
scientist or patient instructor. 



DTAGRAM OF TMK THOMSON SIPHoN nK<U>in>Kin 

Some tliree years later, oncof tlie most improv(*(l rtaanalers was 
sent out to tlie cable sta^tion at Diixlniry, Mass., aial as you may 
not be acqiiainted with its constnietion I will dt^sorihe il briolly, 
in order that you may more readily undorstand the <‘himges that* 
have been made in it up to the prescmt tinur. 

The upper part of the diag;ra.m repnssents themouse iidild’ 
as it is commonly called, whicli gtaierates lint shitic olooirioif\ 
that is conducted froin tlic drum A (*ontaining a. eoih'd spring, 
along the moist string and thin wire; whitdi yon s*n‘ stoUf-hod 
fom^ ioJU; the ink |)(:)t is supported on a, talked wood arm and is 
metallically connected with the frame to wlu^di tlie .dphon is 
suspended, this in turn being (mirneotet! with tln^ milh d unf 
iV^and S are the respective poh*s of a strong <*h‘e(ro <*r perfuanent 
magnet, between which is seen an oblong pitua* <d‘Mjff iron, tln^ 
purpose of wliicli is to conecivtrate the magmlic liius of foret* 
into two fiehls, thr<)iigli wliich the two si<les of tht‘ reetimgnlar 
signal^coil pass. The signal coil which is comH*<*i<‘d p» the- cable, 
is suspended by fine silk cord, and care is taken that if hangs 
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perfectly clear from all the iron of the magnetic circuit. 
Attaclied to the bottom of the signal coil will be seen two strong 
silk tibres which pass behind a brass bar, into which a series of 
shallow notches are cut. To the ends of tlie fibres are attached 
lead weights Vv’^hich slide in grooves that are tilted slightly out of 
the perpendicular, the lower ends being tlie nearest to the ob¬ 
server; by this arrangement the fibres pass at a slight angle 
partly around the serrated brass bar, and consequently are held 
securely from any lateral displacement in any one of the notches 
in which they may be placed. These weights and fibres hold 
the signal coil in the magnetic field and prevent its moving in 
;any direction other than a circular one, with the suspension cord 
as an axis, and any movement in this direction is resisted by the 
two fibres supporting the lead weights, which tend constantly to 
keep the coil in the centre of the magnetic fields, and tlierefore 
the movements of the coil are controlled almost entirely by these 
fibres. 

The siphon is attached, as shown, to a brass frame, from the 
bent ends of which is stretched a fine brass wire kept under a 
constant strain by a curved spring at one end. To the otlier end 
of the spring is attached a milled nut by wliicli the wire can be 
twisted so as to put a lateral strain on tlic. siphon and its cainier. 
A small lug projects from this carrier and to it is attached tlie 
fibre the other end of which is fastened to one corner of the signal 
coil. The signal coil is now twisted sliglitly in a direction such 
as to draw the fibre, and with it tlie siplion, away from the 
observer. If now the milled liead on the brass frame is tuimed 
so as to bring the end of the siphon again toward the observer, 
and into the centre of the paper slip which passes in front of its 
lower point, every motion of the signal coil iiiust be followed by 
the siphon ; and as the fibre is attached so near tlie strained, brass 
wire the movements of the signal coil will be greatly multiiilied. 

The marking of the siphon is done as follows : The mouse-mill 
generates, static electricity, which, being conducted along tlie 
string and wire from A to G electrifies tlie ink contained in the 
ink-pot, and as the ink-pot is insulated, the only way tliat tlie 
electricity can escape is by means of the column of ink contained 
in the siphon. It does not discharge as is commonly supposed 
across the air space between tlie siplion point and tlie moving 
paper slip, but the electrified ink draws the siphon which con- 
tains it bodily toward the paper (which is slightly damp) until 
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tliey toucli, when tlie siphon is iinmediately disehargxid to owvllu 
and by its elasticity flies hack to its former position, by wbieli 
time a sufficient charge of electricity lias accvinnilaied to again 
atti'act it to the paper. These movements to and from the ia.et‘ 
of the paper, which are termed the vilirationd take pla(*e at a, 
speed determined by tlie natural rate of viliration of the sii>lion, 
which is generally lietween SO and 100 per second ; lienca^ wt‘ can 
obtain a record of the potential of the calile as many as SO times 
a second ; and as tliese potentials are determined by the op(‘rator 
sending at the distant station they constitute the signals at the 
receiving stations. 

The arixingement adopted in this instiamient to n‘giilate tlie 
.supply of static electricity to the ink-pot was liy inferiH.simr a 
piece of moist string between tlie sjiring diaim .A a.nd tin* niilltMi 
head C. This string had a lino wire attaidual to oiu* end, so that 
by turning tlie milled head in one direidion tin* Imigth ot the 
moist string interposed lietween the two points could lie varied 
:and likewise tlie electric discdiarge to th(‘ ink-jiot. 

This arrangement woi*ked very well at Hlasgow, where I hi* 
atmosphere is to a great extent saturated with moistur<* ; but in 
this country the string was soon dry, a.nd ih(‘n tin* ink would not 
be electrified, and consequently the record would faik 'fo remedy 
this defect I made use of the hrush <liseharg<‘ by conne<*f ing an 
adjustable wire provided with a shar|) point to tin* <lrum J, and a 
flat piece of lirass to the milled head f/, ddns was found to work 
perfectly, and that principle has liemi ado|>t(‘d in all eh‘etri{h’»i 
ink receivers niade since that dattn I>ut \v<‘ soon began tors 
perience a greater troulile than the one lie fore spoken of, and one 
that still exists in all recorders using statie rdecti’ieify as a m<*an> 
•of vihniting tlie siphon ; that is, the great dillieulfy e\pi*rienced 
in generating a, supply of static electricitv during <lamp weather, 
;and in keeping the arm that siijiports the ink*pof dry. kvi‘ry’ 
thing will work lieamtifrilly in nice, line weather, but during: the 
moist, claiunry dog-days of August, and tln^ foggy dav- that are 
liable to come on a,t rnost cablestatiinis without a momcMids vviirii 
ing—then it is that trouble of the most aggravating <h*.s<*ripfit»n 
falls upon us. Suddenly the record fails. Ivxaminalion nIiows 
that the geiiera-tor or siipportii of the ink pot has beeome 

damp. Lamps are lighted and plac*ed near tlu^ instrument 
Mmes with a satisfactory effect, but ofteiitiiiie.s not. In the latter 
case there is no remedy but to stop working the n-cnnlcr and gu 
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over to the inirror instninient while the e’(‘U(‘nitor is l)eiiig dis- 
inoiinted and thoronglily dried ; l)nt meainvhiie vahiuhle tinie lias 
been lost, and business has licen delayed. 

Everything imaginable was ti-ied in oi’der fo overiantie this 
difficulty, but witliout sina^ess, and at last we realized that; in 
order.to make the instrument moia* reliahh*, we must iind some 
way of obtaining a record without deptmding upon the (‘l{‘etri- 
fieation of the ink. 

The first suggestion came from ]\Ir. elolin (h>tt, the superin 
tendent of the St. Jherre station, namely, to tnak(‘ the siithon a 
shade larger than usual, ami put a few (aumd hairs in tin* tuh(‘ at 
its marking point, and, as it wm*e, [laint the rt‘e.ord oii tlu^ pa,per 
slip. This worked very wttll, lint the sijdions Wimld ocaatslonallv 
clog up, as we were at that time using (auiinavreiu! writing ink. 
The hairs acting as a strainer would arr(‘st tln‘ hirgtu* [lartiides. 
Wlien you realize tlie smallness of the tubtn flu* Ixua* of wliich is 
only of an inch in diameter, the womim* is /mf that it got 
clogged up, blit that the ink would llow through if all. 'Fho next 
step in advance was taken om* day when the hairs aecidenfallv 
came out of a siphon, the point of whi<di liapponod to he [lar*- 
ticuhirly snumth ami sfiuan* with tin* i>aj)er; it was tlum biuml 
that a very good ami relialih^ record was nunh* by ^aindully 
adjusting the paper ip) to th(5 point of the siphon uiitii it tomdied 
it. The paper was tlum drawn slightly backward again; the 
capillary att:racti(»n l)eing sufficient to keep tlmsi|ilion frmn leav- 
iiig it, while at the same l-iim* iJu^ lri(*tion was e/reatlv redimtHk 
Tins imumer of riM'ording has hetm used e\er ,.ineo that day on. 
the ^bDy '^ section ol the ^ cahh», and it has also been 
adopted on many othm*s wlmse hmgth dots; not IdHH) 

miles, hut they must have a <*omluetor td' low' re- i tauets 

AlHmt the year 187^5, I eousirm^ital a, ivoordor nf the most 
simple kiiid, in w^hitdi this rignal c<ul wais pi\(tt«’d ami (<> w‘hi<di 
the siphon was (linwtly attaeluMl. Tln^ eonfrolling sjnhngs or 
Jibres were dispenseii wdth ipmittafrldng a sinall piot't* oT iron to 
one (-Oiiiei ol the <ioil and hringing it, nndm* the inllueneo of an* 
other movable piece of iron on ommd' tln^ piole piooos of the 
eleciro-magneiH It was during tin* construefion ttf this inst.rmmmt 
that I was endeavoring to vilirate thesiplnm irn'chanitsally and alst> 
by meariB of inagnetisni, hut at that time I ditl not, sneetvd in 
getting a perfcct^^ st<‘ady lino. As (ht^ irnnh* of 

working before descadb wats so sat isfnetory, I dir! imt puivm* my 
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experiments any further, for inasmuch as I hai eliminated the 
troubles incident to the use of electrified ink at the Duxbury 
station, I did not realize that they still existed at other stations- 
where the methods we adopted could not be practiced, owing to- 
the greater length of the cable. However, Mr. Dickenson, of 
Heart’s Content, H. F., was not idle, and during the year 1S85 he 
invented and patented a method of vibrating the siphon mechan¬ 
ically. The method practiced by him was to prolong the cradle- 
carrying the siphon. He then attached a magnet and armature 
at the end of the frame carrying the strained wire, and connected 
the prolongation of the cradle to the armatxire by a silk fibre. 
When a battery is connected to the magnet and its circuit is rapid¬ 
ly interrupted, the motion of the armature is communicated to the 
siphon by means of the connecting fibre. What success this in¬ 
vention lias met with in practice I am unable to state. 

When I became identified with tlie Commercial Cable Com¬ 
pany, I found that it was decided to prolong their ocean cable^ 
which landed at Coney Island, into the heart of this city by means 
of an uiidergrouiid cable, and to use a recording instrument upon 
it. The type of cable and the high rate of speed at wFich it was 
to be worked required that tlie instruments should be of the most 
sensitive class, hence electrification of the ink or some other device 
for preventing friction between the siphon and the paper slip 
must be used. ' Therefore, as nothing else ofiiered we adopted the 
electrified ink recorder. It was not long before the old troubles 
were encountered, as the office was very small, and we were 
obliged to keep the windows open for ventilation. Consequently 
it would be only a short time after a rain storm began before I 
heard the old cry, “ the ink has failed.” This was such a con¬ 
stant source of trouble that I determined to try again and find 
some other way of vibrating the siphon. After mature thought, 
and witli the experience gained from previous failures, I was con- 
viticed tliat, in order to make any device work successfully and 
still leave tlie instrument as sensitive as by the use of electrified 
ink, the siphon must hang perfectly free and not be retarded ia 
its lateral movements by any extraneous fibres, and that, at the 
instant it touched the paper to leave its dot of ink, the point 
must be locked, as it were, to prevent its rebounding laterally,, 
in case the surface of the paper should be slightly irregular. The 
only resource seemed to be magnetism applied as nearly as pos¬ 
sible in the same manner as liad previously been practiced with 
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electricity. I determined therefore that the part of the siphon 
iiiider its^ influence must be the marking point. The question 
then arose in my mind as to the possibility of attaching a suflfi- 
cientlj large piece of iron to the end of the siphon witliout 
weio’hting it to a degree that Avould be detrimental^ to the clear¬ 
ness of the signals, by reason of its increased inertia. Anothei 
very doubtful point was, would it be possible to construct a 
magnet with afield of force so uniform that a siphon tipped with 
ii-oii would vibrate at right angles to the plane of its pokr face 
witlicuit any tendency to irregular lateral movements, oi in othei 
words, if it were j)laced near the edge of the magnet, would it 
not have a tendency to be drawn toward the centre ? When the 
idea was first conceived, I must admit that I had the greatest 
doubts of its success. But nevertheless I determined to give it a 
trial, so I attached a toothed wheel to the shaft of an electro¬ 
motor, so as to act as a contact bi*eaker for the local circuit, con¬ 
taining the electro-magnet with which it was desired to 
vibrate the siphon which had its point armed with a small piece 
of iron, and was attached to the usual strained wire suspension of a 
recorder, held iirrnly in a vice on the same table upon which the 
motor was running. The siphon was now approached by the 
rapidly vitalized electro-magnet, but witliout its showing any signs 
of vibration. Thinking that perhaps the battery was not strong 
•enough to energize the electro-magnet sufficiently, more was 
added to the circuit, but still without effect. I then removed the 
electro-magnet, intending to replace it with a more powerful 
one, but the motor was still runniog ; so imagine my surprise the 
next time I looked toward the table, when I saw the siphon 
vibrating beautifully, describing an arc of about half an inch. 

Thus without any apparent cause it was doing by itself what I 
had vainly endeavored to onciks it do with a powerful electro¬ 
magnet. However, the solution of the mystery was soon arrived 
at, as I accidentally touched the table and felt a very slight but 
regular vibration, then everything -was clear and I saw that the 
motor put the table into a state of vibration, the rate of which 
was exactly equal to that of the natural rate of the siphon; which, 
“therefore, picked up the vibrations and showed them in a greatly 
magnified fomi. 1 realized plainly from this experiment that to 
make the siphon vibrate by magnetism all that was necessaiy was to 
vitalize the magnet at a rate equal to the natural period of the 
siphon. In a short time, by means of a second experiment, I 
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succeeded in producing these vibrations by inagnetisni and found, 
them just as regular at the edge as at the centre ot the magnet, 
rlie siphon not having the slightest tendency to move lateriiliy 
from any position in which it was placed. 

It would be uninteresting to you to follow me tlu*ougli all the. 
numerous experiments tliat were made before tlie vibrator was 
perfected. But I will .mention one instance tliat show's liow 
simple may be the cure for tlie unforseen difficulties tlmt con¬ 
stantly arise when one is trying to perfect an instrument. 
When the first vibrator was tried, in which, the mercury was \mMl 
to alter its rate, it was noticed that tlie record w'ouhl fail with 
great regularity for about an inch. The trouble was hx'utcd in 
the glass tube, and was due to some of the invvcnry (himluug up 
it under the influence of the vibraBon a,nd thi'n falling bank to 
the main body. This, of course, made vaihitious in tlui mte, ami 
was fatal to the instrument unless it (x)uld l)e renuMlied. I tried 
putting weights on tlie top ol the mer(iury, l)ut they would not 
work satisfactorily, and at last, when almost in dcsjiair, thi* nantHiy 
was found in twm drops of glycerine. The visemsify of the 
glycerine, I find is so great tliat it priwumts the (*olnmn of 
mercury breaking up. 

This method of viliratiiig tlie siphon by magnetism has been 
applied to all the Thomson recorders in use on the CimiuHnvml 
Cable Company’s system for upwards of a year with tlui gr(aiti‘st 
success. Failures of the ink are now almost unheard of, ami (he re¬ 
corder, so far as ink failures are concerneal, eiiiihi, if no<*t‘s.s{try, fat 
worked under a shed during a rainstorm or fog, as well as though 
it were in a warm room. 

In all the Thomsoii recorders that I have Siam, tin? nniviaumits 
of the signal coil are controlled l>y the lead w<?ights befDm. spoken 
of, and the clearness of definition and sluipe of tln‘ signals de¬ 
pend almost entirely upon the adjustment of the lihres whi<h ar<? 
attached to tlie signal coil and support tliese weights. In pra(‘ti(a? 
more or less trouble is found in inaintaining such an udjnstmeni 
as will give the best shaped signal. Tills is owing to tin? dtist 
which collects upon tlie weights, wedging tlnmi fast in the 
grooves. Consequently any change of temp(iratnr(s or humidity 
of the air, will alter the tension on one or both of tluj libras, and 
thus oftentimes render the signals unreadalile. Bo nimh tumble 
was experienced from tliis cause at our Canso station that- it UA 
the superintendent, Mr. S. 8. Dickenson (who was ably siuiomltxi 
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bv Mr. J. C. Upliara, the meclianician), to devise an adjustment 
in which the weights were discarded and a spring used in their 
place. The fibres could also be spread to any desired extent, 
and as the strain on both of them was exactly the same, the sig¬ 
nal coil was always in a truly central position in the magnetic 
field. 

Since this improvement has been applied to the instruments 
the adjustment has rarely been changed, and, what is of still 
greater value, a decided increase of speed has been effected. With 
the exception of these recorders, it is always necessary to stop 
work when it is desired to make any change in the adjustment of 
the controlling fibres, as they are very inaccessible. This, to¬ 
gether with their occasionally breaking, led me to try and con¬ 
struct an instrument in which these difficulties would be re¬ 
moved. The result has been the instrument now on exhibition 
•at the American Institute.- 



THE GUrrEISS SIPHON EECORDEK. 

The siphon is a fine glass tube about one hundredth of an 
inch diameter, one end of which writes upon the paper slip J 
and has attached to its point a piece of ISTo.* 30 iron wire about 
one-eighth of an inch long, which serves as an armature and is con¬ 
trolled by the impulses of the magnetic table T over which the 
paper slip passes. The impulses of the magnetic table are con¬ 
trolled by the vibrator, which is placed on the large permanent 
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magnets Jf Jf, and consists of a glass tube TF which is conne<*ti^d 
by a tube of india-rubber to the niercury resm-voir X. 11 le glass 
tube is supported by a steel rod carryirig a spriiig (auitact point 
and carries an arinature, seen opposite the poles ol the small 
electro-magnet Z, When al)attery of three oi* four gravity (*.ells 
is connected to tlie terminals 1 and 1, tlic glass coniimuHa^s i.o \ i” 
brateat a rate determined by theheight of the cohinin of iiua-eury 
in the glass tube TF, the lieight of which can l)c rcgailated In 
turning the milled tliumbscrcw at tlie top of the rnei’cniy reser*- 
voir wliich connects with a |)lunger within tin* latter. 

From the terminals 2 aanl lb 1-wo wires connect to tin* (hu*! ro 
magnet of the magnetic table 7\ 11ms (n'cry time the tamtaet.- 
at Fare closed the table is energized and tin* sijdioH is drawn 
down to the face of the paper l)y the attraction <d’ the miignotic 
table for the small piece of iron whicli is attadnai to tin* point of 
the siphon. If the impulses given to tlie siplion art* in accordance 
with its natural ra.tc of vibration a suecession <d’ line dots of ink 
will be left on the pa|)or in a [lerfectly stiaiight- lint* so long a,- tin* 
siphon is not moved laterally by tin*, coil //and a sup|>ly nf ink is 
maintained in the ink-pot Q, Should tln^ impulses given to fin* 
siphon by the vibrator not Ix*. in a.(‘eordance wit h I ho nalund rato 
of vibration of the siphon, it will not vilu'alc* and tlie n‘e(trd will 
fail. Butliy manipulaJing the plunger in the tulu* A\ tin* height 
of tlie column of mercury IF is varied, so that the rate of tlie ini 
pulses can bo inaintahied aaiyvvliere lH*t\v<H.*n dO and bai pop soeMud. 
Hence any siplion tliat; would lx* suitalde for tin* instruinoiii (am 
be controlled, as its rate will lit*, within tlnsst* limits. When the 
proper height of the meremy has lH‘r*n ouee determined, whii*h ie 
generally foxind in less than half a, minute, the siplnut will eeiit 
tinue to vibrate uiitil it is l>rok(‘n or ri*moved bar ollii*r i'aii e,^. 

The signal coil //, wliidi is movi*d by tin* mrrn‘nfs framanittod 
from the distant station, is invoted at the Ixittom and lop /; in 
agate hearings, and is free to move in the annular ? puei* betwoen 
the poles of the pennaruvnt niagrn On the top nf tin* <*oil 

there is attached an aluminum exb‘nsion /sgwhitdi has a narrow 
slot at its upper end through whidi paBses the regulating lihn* /> ^ 
one end of which k attaclied to the rigid support (K tin* otln*r<md 
being fastened to a tlexild The strain on this >pring 

and this libre is regulated by moving tire iiuh^x //" ami signii! coil 
li. Close to the point A'and at right aright to flu* tihre // there 
is another fibre //, one end of whieli k attached to an ex<H*edingl^\ 
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delicate spring^ the otlier end is fastened to a,n extension from 
a fine brass wire contained in tlio tube L, to wliicli the sijdion is 
secured. The upper end of this straint'd wire is atfaelied to tlie 
thumbscrew so that by turning the latter the .siphon can be 
nroved laterally over the face of the j)ap(;r to any required 
position. 

Thus it will be seen tliat if the .si|)lion i.s moved off tlie paper 
slip toward the front of the instrninent wlieti tlie libre /) is 
strained by moving the spring outwardly, the siplum (‘an be- 
pulled by it into a pc^sition over the centre (d' the paper; the tor¬ 
sion on tlie strained wire and the .strain on the spring, now balance 
each other, and-if the two cross lilires are fastened togetluu- at a 
point as near as possible to the extension A] any movement of the 
coil will be multiplied and transmitted liy means of the libre ./> to 
the siphon. By lifting the libres out of the slot /dand turning 
the coil toward the front of the instrument, the coil and part of 
the pole jaiece O can be removed from the instrument without dis¬ 
turbing any other part, and, when re])laced, no readjustment will 
he necessary. 

It has been suggested to me that pivoting the coil was a. step 
backward, as it introduced friction, a,nd would ina.r the deliniti- 
ness of the signals, lean only say, in repl}-, tluit when the in¬ 
strument i.s adjusted, and giving good signals at a rate id'.‘SO words 
per minute, I cannot detect the .slightest friction. I f 1 dellee.t the 
siphon laterally only the width of a hair it immediately, on its 
release, returns accurately to zero, which it certainly wiiuld not 
do if there was any friction worth sjieaking of in the pivots. 

I liave received good signals on this instrument at a speed of HO 
five-letter words per minute, over our Niiw york-danso calile, 
which has a length of 980 miles, capacity of 2151 niicuad’arads and 
copper resistance of 13,680 olims. 

I do not intend to stop at this spesud, but think tlnit with the 
next instrument, in which some of the pai-fs will Ixi slightly 
modified, a speed of 25 or 20 code words a minutti will be at¬ 
tained over our long sections, which have a huigth of 2,740 
miles, capacity 874 microfarads and eop])er resistan<;o 0,967 
ohms. 

I will not take up much more of your time this evening, but 
as the title of this paper is so broad I am loath t.o leaves the 
subject without mentioning the great advamte that has been 
made during the last few years in the working of the Morse 
system on cables. 
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Before tlie year 1879 no section of tlio Atlantic cables liad l)oen 
worked by any otlier method than mirror or recorder. Bhat the 
Morse has been successfully introduced on two sections is din^ to 
the determination and persistence of Mr. (}. (t. Ward, ol tins 
city, at whose request Mr. T. J. Wilmot, now sui)(uaiiteri(lent at 
■Waterville, Ireland, applied Iiimself day and night to tht‘ {:ask of 
originating a translating device by which, in the yea;r 18Tih 
bay, in Nova Scotia, was put in direct conimiinication with Ntnv 
York. 



DIAORAM OF THE ALrVIOK AND HieoW N iilU.A V. 

This same device, in which tlie Allen and Brown relay is ns*‘d 
as a receiving instrument on the cal)Ie (virciiit, Is now worked on 
ourEockport and section. The diilhmlties that were sur¬ 

mounted will be better appreciated wluui I men!ion that the 
length of cable in circuitis 010 tniles, with an imhndive <'ri])iicity 
of 168 microfarads, and a copper resistaiKa; of ohnm. lire 

total circuit, inclusive of the land line, is miles. 

The Allen and Brown relay consists of a coll through whiidi passing 
a soft iron core. The ends of the t»ore l)n»je<d into i.he magnet ie 
field produced by tlie permanent magntlH A and ant oonnt^' 
quently polarised l)y thorn. In tlie diagrann tin* mark in \ho 
centre of the rectangle itq)reBents t^ of tlnmadl. If, imw, 

we connect the coil to the calile circuit and have two tixed 
points for the local circuit, as in an ordinary nday, t,!u» tirst im¬ 
pulse, or say the letter “S,’’ which consists ot tiina* ih^ts, will 
close the local circuit; but as the cable does not lose its charge 
rapidly, as is the case with a land litu^ the coil will not, return to 
the back-stop and be ready to close the cinmit; again w ith the 
second impulse of the letter, Init will be hehl fast to t!u‘ front 
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eoiitaet, Iveeping the sounder closed all the time. This, of course, 
will prevent any more signals being received over a cable, and 
Fi uiieineanshadtobe found by which the armature tongue would 
open the circuit whenever the potential of the cable fell ever so 
dicfhtlv from its inaximuin. This was accomplished by allowing 
the armature tongue, which is called the '' jockey,” to have a 
movement around an axis of its own. It was therefore pivoted, 
as shown, shghtly in advance of the axis of the coil; you will now 
see that if the two points which control the local circuit are ad- 
iiisted very closely together, allowing the end of the jockey a 
play of only yoVo every time that the coil falls back 

toward its centre position (after having been deflected by the re¬ 
ceiving current) only yoVo of an inch, the local circuit will be 
ripened, and ‘Vtc& any increase in the potential suflicient to 
move the coil the same amount will again close the local circuit. 
Bv this means the coil is moved sometimes considerably in one 
direction, and although by watching it very closely no backward 
movement can be detected, the jockey will open the circuit, some¬ 
times two or three times, proving that there have been corre¬ 
sponding falls in potential. On the axis of the jockey is a very* 
delicate spring which can be pressed down by a small nut so that 
just sufficient friction is maintained on its jockey to enable it to 
close the local circuit firmly enough to pass the signals to the local 
circuit. 

Some few changes have been made in the jockey of the relay 
bv the superintendents at the terminal cable stations—Mr. Dick¬ 
enson at Cs ” and Mr. E. Hearn at Eockport—until at last such 
perfeetion has been arrived at that the. signals are passed from 
Caiiso to h[ew York in such a perfect manner that none but an 
expert could tell that there was any cable in the circuit. TMs is, 
I believe, the longest section of cable on which the Morse system 
is worked, and, although repeated efforts have been made to at¬ 
tain the same results on a cable only about 100 miles longer, the 
retardation was so severe that the speed attained was too low to 
allow this system to be adopted. Gentlemen, I thank you for 
the patience with which you have listened to me this evening and 
I regret that time will not allow me to touch on several other in¬ 
teresting branches of investigation, such as curb sending, the du¬ 
plex, automatic transmission, etc. But the object of this paper 
will have been attained if you realize that, although seldom heard 
from, there many patient investigators in our remote cable sta- 
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tioiis,andthatto their unflagging energy ih clue the tact that we are 
now easily able to liandle a bulk of business that would have stag¬ 
gered ns a few years ago, and do it with so littl(‘ delay that a 
message can be sent from Now York and delirercal in London in 
less time than you can. send one from down-town to Haihan. 

Mr. Pendleton liere took the chair and stated ihat Mr, Martin 
would read a paper contril)Utcd to the discussion by Mr. Lock- 
wood. 

Mr. Martin tlien read the following pa-per : 


SUPPLEMENTAKY NoTE ON THE SlPUON RECJom)lU; ANO (huU.E 

Tioi;kpiionv. 


BY THOMAS O. I.O(avWool). 

As some of you are aware, I was presiait at tin* lime ami |hiee 
appointed, for our meeting, to hear Mr. (hittriss explain and 
descrilie the iiu|)rovGments he has etl’e<'t(*<l in tln^ siphon n‘eordmx 
Altlioiigh, the Tinf<)rtiniat(mi('ci(I(uit vvdii<di Wi‘ all di‘jdoro dt*- 
prived us of the ]>leasureof hearing Mr. <hiHriss a1 that time, and 
myself perhaps for all tinna still I congratulafc* mysidf thut my 
visit to New York lias at least given nn^ a personal knnwh‘dge 
wliich I liad never liefore [lossessed, of that heaaitiful in^trunnmf, 
the siphon recorder. I have ac.ipiired a. m‘W il!nOra!i<‘n ^d‘ 
the iinpossil)ility of olctaining an a(^e.urati‘ knowlcMigy id’ fiic mn 
stiTiction and operation of a delicaih^ pi(‘e(* <d‘ eh*(‘frieal apparanm 
frcim text-hooks. I had studied the si|>hnn ret*onhT in Lmh., hut 
found luysolf ignorant of it when the opp^niunity of examinu* 
tion at length, pixesentcal itstflf. 

It was especn'ally gratifying to um to Iiaum that wi* wivre fo 
hear about an important liranch of tt^h^graphy, for ! tliiidi tliitf 
telegraphy has been of late negh‘eted. 

Though I yield to no man, in my admiration for tie^ imimmso 
recent anipliflcaiticvi^ of the work of (‘leetrieity, in my apprecda^ 
tion of inotors, lighting a|)|>aratus and heavy eniTeiils, 1 love 
variety, and have found it somewhat palling to r«‘ad and hear m 
much about tliem as f liave had to of latc^ for just as tlu^ human 
stomach rpiails at the i<lea of eating cjuail mtjre than forty meals 
ill succession, so the human mind revolts at the. mdion of emu 
sideling electrical currents due to au .,R M. IL of from IHHMo 
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IfM.r. volts perpetually; and longs to demi-volt once in a while, 
T'«erefore, I hailed with joy the announcement that we were to 
hear aliout the siphon recorder. 

I learned that Mr. Guttriss’s recorder was operated hy a per¬ 
il- anent niaeuet instead of an electro-magnet. That is an advaiico 
which appeals strongly to me; and it means, as I look at it, a. 
coiidderable diminution in the amount of attendance required- 
Mheii I consider the number of telephones in use now, and re¬ 
flect what a number of cells of battery would have been required^ 
Itad it not been discovered that permanent magnets could bo 
utilized, and that the use of the battery was chiefly to make the 
inamietism, I cannot but appreciate that this is a material 


advance step. 

Then let us look a little further; I understand from the text¬ 
books that on long cables it was found that, if the siphon end 
were allowed to touch the paper, the freedom of its movements, 
was interfered with, and that it was therefore found necessary to 
oppositely electrify the ink and the paper, the former being tlms 
caused to issue and to mark the paper in a succession of flire 


dots. 

If I understand the instrument of Mr. Cuttriss, it chspenses. 
with this feature, which must have often marred the usefulness of 
the recorder, since on our eastern coast the atmosphere is usually 
rather “hygroscopic.” I can well imagine occasions when all 
the ability of the oper-ators and electricians must have been called 
into play to get the electrifying machine—^the “ mousemill,” I 
beheve, "to work—in places and at times when the air was sur*- 
charged with moisture, and the “ relative humidity,” as tlae- 
Signal Service calls it, was up in the nineties per cent. 

It is interesting to note with Prescott, that while the telegraplx 
of the United States, the Morse, which made its proud boast that 
it was a recorder, (and by the way the first recorder,) has now al¬ 
most totally been transformed into an acoustic or aural transieixt 
signal; the Cook and Wheatstone telegraphic idea, the visual seixx- 
aphore, has evolved into the wonderfully delicate recorder befoi'e 
us. 


I am also desirous of calhng the attention of the Institute to 
the fact recorded in a letter of Mr. John G-ott, dated St. Pierrey 
Miquelon, March 24:th, 1887, to the Society of Telegraph Engi¬ 
neers, that the siphon recorder was capable of transmitting arid 
reproducing speech telephonically, and that Mr. Gotthad actually 
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nsed it as a teleplione. As I tliink this cireuMista/n(*(‘ deserves a 
wider recognition^ I will rpiote certain portions of the (Mmiinuni- 
cation. 

Mr. G-ott says:—With tjie object of stimulating iiujuirv into 
the means of improving the tele])li,one of Mr. Ihhl, \vhi<*h is tlie 
most beantifnl adaptation of telegiuphy evca- madia I d(‘sir(‘ to draw 
attention to a few simple metliods l)y vvdii<di a,ny <hh‘ may salisly 
himself of its practicability, for no one Inudiig witnessed its |)(‘r 
formance can fail to see a great future bt^fore it. The re(*orth*r 
of Sir Williani Tliomson affords a ready nunns of speaking, 
and gives out sucii clear tones as to nnike the lisleiica* at lii>l in 
voluntarily look for the speaker behind the instrunnmt fwiio may 
be miles away). It suflicesto take a tube two indues in diann^fer, 
.and stretch over one end a, ineinbrane of paridmnmt or thin g’ufta 
] 3 ercha (the latter is less affected b)' the bnaith, tlnr {(U’niei* he 
coming somewhat iiaccid after a time). lk> tin* <'(‘ntn* of fhe 
membrane cement a straw, and fix the tube in front of tin* in 
strinnent; about six inches from the inoval)h‘ {*oih cmiienf fhe 
other end of tlie straw to the (*oil at; th(‘ ixsint where tin* silk h- 
bre is lisually fixed; this is all that is mwessarv for l>ofh speaking 
and receiving. Six or eight cells on the <‘I(,‘(*tronnagnefN siillieo. 

pair ox tliesetul)es may also be conmaded in asinnlar man 
ner with the tongues of the two jiohirized relays. The tnlH‘ is 
be fixed in a convenient position at right a,ngles in the fongiio, 
taking caretliat tlie latter is free from its ordimiry conlatd poim^ 
hTo battery is required for s]>eaking with this arrangiunenf. i h* a 
pair of these speaking tubes may be comuM'hal with tlu* ordinary 
armatures of any iustriimeuts oi- relay, ami a (mrri*nl kept ou thr 
line. 

^dfy these siiiqde nieans—niay be (Immmstrated tin* po->ifalii v 
•of speaking over many miles of teh'graph lim*. 'fhe >mmd in 
the tube is not that of a whisjier but of a voiia* af a diuanoe; 1 
have spoken through, four knots of hui'ied (%ahle wiitioni Mmdhlo 
dimimition of effect.” 

Since writing the fo has hiMUi suggested tt* me that 1 

might say a few words on the possibility, or pt»>-xbh> praedt* 
ability, of telephonic transmission over long sfd»iuarino f-ablec. 

There is, I think, little^ to say on this Inaid. Vmi are all awaiv 
That in telegrajihy it has Ix^ui found possihli* t<i c!i*ar iaabk’*^ of 
■chargeby sending after f.mdi imptilseof didinite direction, a eh*iir 
ingimpulse of opiiosite direedion hy whieh thestafi<* idairge of the 
conductor was neutralized ami the line cleH.n‘d for tla* tma anis 
sion of a second sigiud. 

The first idea r(‘garding the transmission of telejdHmie or voice 
currents over suhniaxane <:mh In favor of its pra('ti(*alality ; 
for it may be argued, since the foregoiiig |>nitdice aids the trair- 
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mission of telegrapluc signals, and _ since t.d(_-phonic .nirrimts, as 

usually transmitted, consist of a series of rapid alternntious, why 
have we not liere just the conditions ol success 

The truth is we liave not. For in telepliony the changes 
occurring are infinitely too rajiid. They lainnot serve the. pur¬ 
pose of clearing the line; they ra.ther si-rvc t!ie pnrp.,se ot hlock- 
ing the line, for tlie successive and conseciitiv<- nnptdses of 
opposing direction, succeed oiu,' anotiier so swiftly tliat they 
practically neutralize one anotiier. 

Take for example the magneto telciilioiie. It is well known 
that the currents generated hy this instnimeiit when used as a 
transmitter are alternating, anil follow one another with extreme 
rapidity. So that for a long time it was tliongiit that the\ weie 
so infinitesimal as to be imnieasiirealde. 

Suppose we have a fine galvaiiometm-, and telephone through 
it. We see no dcfieotion, hut not heean.-e the current is so small, 
but because the plus currents succeed the ininiis currents td'like 
potential and strength so fast that the needle lainnot respond, 
and therefore does the next hi'st thing and stays at zero. 

Let us now consider the battery transmitter and induction coil. 
A moment’s consideration will show ns that we have a close an¬ 
alogue to the operation <d’ the magneto telephone. 

For though it is true that in the battery transmitter the action 
of the diapliragm merely variivs the resistani’c ot tlie circuit; and 
eonsecpiently the utmo/f/i of (‘Utovitt otin'i tipomh nflij hut m 
inwirse ratio, yet it is none the le-s irue that the use of 
tlie induction coil, develops currents in the secondary circuit and 
line which are alternating, hei-ause caused hy thi* successive rise 
and fall of current in the primary circuit. 

Consequently the.se currents are suh jeet for long circuits of 
high capacity to the .same drawbacks as tlaw <d' the magneto 
teleplione. We have then at present onl_\ on(> other alternative 
metliod, namely the plan of including the l»atter\ and tra,nsniitter 
in the main line, and allowing the transmitter io\ar\ a. perma¬ 
nent current fiow'ing in the, main line, thus <li-pen-.insr allogetlwr 
with the coil. But this also is inipraclieulde. heeaU'C th<> very 
small proportion of variatimi in the total resistHa<’e of ^neh a i-ir- 
cuit, cannot dcveloi) Huc.tuations id’ sullieieni .strength to i-atis 
factorily infinence a receiving iusfrtimeitf. 

lam therefore eonviucml that eleid rie telephony -that is the 
transmission and n!|)roduetiou ed' the human voii’c will uoi, a,l, 
least in the near future, he poissihle over hatg eahh-s. 
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Electro-static induction and tlie retardation and prolongation 
resulting tlierefrom is tlie reason. 

Wlieii I say Imu/ cables, I mean for example those over 100 
miles long ; and it would be difficult and not eornmercially suc¬ 
cessful over inucli slioifer distances. 

My conviction is tliat, those who advertise the operation of 
telephones over Atlantic cables, either do not know what they are 
talking about; or knowing, wilfully make misstatements for 
prospective personal gain. I am very sorry that I cannot be pre¬ 
sent to hear Mr. (Juttriss, and the discussion of the subject, but 
will certainly enjoy reading it afterwards. 

Discussion. 

. The President :—Gentlemen, you liave heard tlie paper of 
Mr. Cuttriss and Mr. Lockwood’s sornewliat informal comments 
tliereon, and it is now open for discussion. I will take the op¬ 
portunity of saying that should there be any geiitleinen present 
wlio are not memliers of the Institute we should lie very glad to 
hear from tliem should they wish to elicit any points, or in ciase 
tliey may be alile to give us information with regard to tlie subject 
now before us. 

Mr. J osEim Wetzeer: —I would like to liear from Mr. Outti-iss 
as to wliat his experience lias been in teleplioning over caliles. 

Mr. Cuttriss My ex])erience in tiding to telei>bone over ca¬ 
bles eommeuced, I think, the same year, or at any rate tlie year 
after the teleplione was lirought out by Professor Bell. I was 
. tlien at Duxbury. The late Mr. (lower, whom I presume most of 
you know of, came down there witli the best telojihonos made, up 
to that date, to try and speak over the Dnxbmw cable. lie also 
brouglit down with biin bis eleetrh* liari), as he torniod it, which 
was a series of rcsedsthat could lie striudv by hammers the same as. 
in a pianofortt‘, which would vibrate the contact points underneath 
the reeds a,nd siuid of course the same number of vibrations into 
the line to which the reed was tuned; and it was his desire to 
put that on the (*,able and have the Bujierintendent, Mr. Gott, at 
St. Pierre, listen at the tele!|)h<>ne for any sounds. He (widently, 
at that early date, a-iipreciated the fact that it w^onld be easier to- 
get an intermittcmt (uirrent over a calile than it would lie to get 
speech over it. We listened, and Mr. Gott reported, uotiring. He 
tried varying his power to the limits to wliich we allowed liiiri to 





had anything'to(1(> with (‘a})lini»'. I ivh‘r t(M iiptanj uy »'* 

cable repairing ^steamer whi(‘h happen.- to iir in p^nt .it 

the pn-esent time. (Ai)plans(‘). (tM,[>(ain 1h-otf i-a n mn rmir. nf 
man, 1 ) 11 1 if we con hi once g(‘t him started la* vs oiud ft 

such a wealth of information that it would takr a ;OHHi or;o -i 
time to digest it. (tiptahi Trottmt will alTord pe-.f un¬ 

to hear fi'oni yon this ev(ming. 

Captain Tuott: Vonr Pn‘sident ha.s iminatft'd fhat i ipedi^ 
Trott is ratheu" retitand.. d'lh'd is not altogotluu’ t a|»ia!n 1 r-e f 
fault We belong to an old ttdc'graph etnnpanw iho^’hh a \> 
lantic compfiny. W(*. n‘pr(‘s(.mt tla‘ lirst Atlanli<'< aht’1 MUipai \ 
— that is tile Anglo“Ameri<*a,n. 1 am i(s roproomforn «- In-n- a i:n. 
yon, and as suc.li it is hardly optm to me to >ay all that [ Ln»»u on 
submarine telegi'aphy. dda‘ hi-amdi of i! ludoro vou 1^ ro ninlif 
is not in my line of <‘xptn*i<*m'e. It behmg-tf* tin- rl* onh*.d d» 
partinont. My sp(a‘ia,l duty is to lay and repair ontlo-. f a, 

connected lirst with t.la‘ I)ina*t cai)!e. 

1 was in (command (d‘ tla‘ ship on (la* laying of tiau o.il.P » ! 

also tlie Frmadi (aibh*; hut, now those gmitlemon uli<‘ u oh 

ns are in oppositi{>n to us. Wb* are frieiul'. jii I the one-, hm 1 
hardly think it; i*ight that W(‘should give flaunall thai * lid 
have, wlien they a,re fighting ns. 

As you will ha.V(‘ iid‘<‘rred fromthe de-eripti*»n ot iIh r»»'.ndrr 
here to-night, siihnuiriru* teh’graphy rather a thy uheegi', 
eopt unr hramdi of it, whi('h is v(n*y uel -omriina . 1 d./ n-? 

know tlia/t I (*.oul(l interest you mueli. It WiUild takr f<<o kue* i,o 
go into all tlu‘ (kd.ails of our work. I'liey aro \rv\ iliihoidi af 
times and at otlnn* ibn(‘s w(* <Mm.^i<jer ihenttolm-abh ^a \ nt 
course, as you know, w(* have* to do the ti^iiing h»r fiie^o tldie' ai 
the bottom of the oc.taui, ainl we ha^e played ottr purl at fhaf ; 
and no matter what the giudlennut ; prestuu may think ot 
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go, but still Mr. Gott rei^orted tliere was iiutliiiig. W e tlien asked 
Mr. Gott at bis end to send interinitteiit currents into tlie cable, 
tbrongli condensers and also witliout condensers. 'Idlest' were 
from a key. Motliing was beard ; it was absolute death in tlie 
telepbone. Mr Gower would not lielieve, nor could we convdnce 
bim, that tbe teleplione was properly coiinet'ted with the cable; 
so to prove it I connected bis telephone in cirtniit w ith the rtMaa*- 
der and instructed tbe party at the other end to staid regular tel- 
egrapbic signals into tbe cable. i>y this nuains they niiist come 
tbrongb tbe telepbone and on their wniy to earth also passthrough 
tbe recorder. If tbe signals came, we must see them. The (aai- 
secpience was, every signal came out written ptad'ecdly on the 
recorder, wbicb we all read; Iviitstill it wasdea-th in tlu' tel('|)hone 
—not a symptom of asoiind. Still Mr. Gower w'as doubtful a/nd I 
did not know wbatto do. He did not lik(‘ to <loid>t us, and yet 
we could see that be doubtful. At last it stru(*.k me tluit I 
would put a rapid rbeotoine in tlie circuit wdth the ttd(‘|)hone. 
Mow, if there is any current coming over the laihlt' at; all, altlnmgli 
it is inlinitely Aveak wben it is received at the re<‘(nving station, 
tins rapid make-and-break would vaiy it so much as to (aa*tainly 
make it audible in a telepbone. The next tinu^ tin* signaJs were 
transmitted over tbe cable, tbe make-an(bbrt^*ik being staj’ted, tlie 
room was filled with tbe sound of the pitch of the noti' that 
tbe make-and-break took, sbowing that thi^ cables mirrmit was all 
tbe time passing tbrongli tbe telepbone; Imt its wa\'e wais so slow 
and so even tbat altboiigb tbe diaphragm res|)ouded to (‘vm‘y one, 
it was totally beneatb tbe capacity of any h in nan ear to take the 
waves up and bear tbem as sound. Of <^oursi^ )^ou will all readily 
understand tbat sending not ])rol)al)ly more than lOO signals in the 
circuit at tbe time, tlie vibrations coming in waivi'S ol tluit [leriod 
would not be audible, because no ear can take np sound a;t t;hat 
rate. Tbat bas been my experience. We have tricMl it over our 
cables here in Mew York for several parties, and we have also 
eondueted experiments for Professor Farmer, within the last ytjai-, 
over onr Eockport cable, to see if we could p;et any sounds in' that 
way. But in every case it is absolute dcatb, and the greatest dis¬ 
tance at whicli I have board sia^nals on a tc!le[)li()iu! lias l)een 
through about 75 miles of artificial cable. 

The Pkesident:— This cable subject i.s one tbat is not com- 
pratively new to most of us iii America, but somewhat unfamil¬ 
iar. In America we have made so much progress in all tbe otlier 
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depart.noite of elootrk-al appll.-atiun llmt vvo s.-ciu tolmvo lrl t 
that of caihliiigh our Huropouu, nu>ro |»Miliouliirlv our Poun-n 
hrdlireii. as a sort of oons<hation vu\k Ati<l thtn* liavi* ofrfuin!> 
made imnai^ in that iioM and oao in thal ly iNTi 

audintliat dopartnuuit set us an i^xainple, W(‘ havi* woh ii> 
this evoiiini!: ouo or two puitlouitui who are tjuite prtHuiiuaii!y 
ideiitihed with soint‘ of these di‘i>artnii‘nfs of work* and there i:» 
oiie gentlaaian here that, add hi‘ he iiiduerah I would like ver) 
iniicl) to addn'ss the mia‘tinii:. Ho is not altoo(Uher a >trani»vr in 
this city and is certaiidy vtaw well kn<»wn to (‘very one win* ha- 
had anytliiiiii; to do with eahlino'. I refer t(» rai»tain hroii of i lie 
cable repairing steanao* J/A/dz, whi<‘h happiUts to In* in jaui al 
the present tiirie. {Applause). < a|>iain 1 rott is a very !‘e!ieeiif 
nian, but if we (aiuhl ou'e gt/t hint starli‘d In* wtudd yiw' lu 
siicli a weaJth ()f inforinalioit that it wotdd f:ike a good oh a! of 
time todig(,‘st it. (hptain hrott Jt will alTord usextrenie |flea iin* 
to hear from yon this e\ (ming. 

Ca'ctain Ihio'CT: Vour Ihao-idenl ha> inliiiiated thal rapfaJii 
Trott is rathm’n‘ti(*{Mih Thai itol ahogtuher rapfain Trofd- 
fault. We hekmg to au old telegraph eoinpany, llte o!dr*«'l A t 
]auti(*a'()m])anV. W(» r(*prt‘sent the tir^t .\tlantie t hthle t oifijiani 

_that is tiu‘ Auglo-Anieri(‘Mn. 1 am its n‘jU*(‘>en!nltvi* !}i*re ttiili 

y(jil, and as sindi it is hardly optui to nn* to say all thal I luiow on 
sulnnarine teh‘graphy. d'la* hrnn«‘h <d‘ if Indore you here to nielit 
is not in, ,uiy lim* of (‘Xpm‘ie,uee. It Indoiigs to t!ie t‘leelideal t.te 
pa,rtment. My spt^eial duty to lay and rep.air ealde***-, ! wa** 
coiviHxdxa lirst with tin* Uireel (salde. 

,1 was in ('.(.miutaud (d' tin* slii]* on the laying (d* that e}d>li% and 
also th(oP.reneli eahle; hut- now those gentlemen who \U're uilli 
us are in (.ipposilhm to ns. VVi* an* fri(*nds jusf the MUtnx, I 
liardly think it right lliat we slnudd gdve iliiio a,|| ihnf wi* 
have, when tluw an* lighting as. 

„As you will have infernal from the de.-erij*tioii of the reeorder 
liere to-night, snhi,nariin* telee:ra|diy i-^- niltier a ttr\ fiihjeeg o\ 
cejit our hraindi of it, which U very wet .ofmeiime>-, .i .do uoi 
,k.,uow that I eoidd inhsn.’siyon mueh. It would taketo»* hmi: to 
go into all tin* details <,d‘ otir work. Tinware vmn ditt!t‘u!l at 
tiTnt3s atul af other tiitn*s we eon.-ider them lolerahh eiew i if 
course, as you know, we ha.v»‘ to do tin* fisliing forthof*** filings at 
the hoitom of tin* (fceuiunnd wt,* have jdayed our juirl at that i 
and uo mattiu wind tin* gmiflmueu jrrnseut may think of iIihi 
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brancli of electricity, I am qiiite you will alhuliiiit that the 

public could not well do without it. If we stoiqxMl the A tlantic 
cables, why some considerable amount of husim^ss would stop. 
Therefore you are to some extent (lei)en(lino’on tlie tihi^o-niph 
cables. I thank you for the kind notice you lirive takeri <)f ine, 
and I beg you will excuse me from going into tlui nuittm* ot (>ur 
operations, because it would take too long. I {*ould not deal with 
it in such a manner, in thesliort time larfore us, as to make it any 
thing like interesting. 

If any of you choose to come on boai'd my ship wliidj is in the dry 
dock at the Erie Basin, we can show you some t lungs then^ that 
perhaps you would be interested in. We liavt* !io siaa-ets. We 
are prepared to shoAV anything that Wi‘ liav(‘ thinaa A grcait 
mystery has sometimes been made ol sul)marin(‘ tedc^gra-pliy; 1 
think a little too much so—a feeling has pnnuiihMl that only cm*- 
tain individuals shoiild know aiiytiniig about it. W<* bok ui)on 
cable telegraphy as a thing that is pretty \^'t‘ll known to-day, a,nd 
therefore we have nothing, so far as wean* <'oncern(al, (dtlun* a,s 
a ship, or a company, but what we are (piite willing tlui world 
should look at. 

I 23erhaps iniglit say one W()rd <)n tlie <pn‘stion of t(d(q)honing 
over submarine cables. My chievf engiiuMU* is not her(\ but, two 
of his assistants are present. They may rcunemlHU-. Tlu‘y were 
not with us at the time, but 1 dare say tiny know sonn^thingabout 
it. We did once put a telephono to tlu‘(»ahle, I think s:); miles 
from shore, and spoke thi'ough it and Inward tlnnr (/onvm’salion 
back. I think that is the utmost whi<*h was done. Wo haAa^ 
had singing through the cal)le at mmdi gr<‘ab‘r dislanoo, ami tiny 
could tell on shore the songs that wma*, sung on theshi|>; hut 
there was nothing in the sha|)e of eonv(n*sation, I think, (Myond 
that distance, to my knowledge. 

Mr. Sohuylee 8. WnEKUKE: —How d<‘t‘p ('an you grapple a. 
cable. 

Captain Tbott:—To the l>ottoin, sir ; twenty-six hnndriMl 
fathoms is tlie deepest water J havc^ woidviul in. 

The Seoeetaey: —-We understood from Mr, (hittriss tluit we 
were indebted to Mr. Ward for tlie |)rogrt‘ss made in introducing 
Morse on the cables. A great proportion of A nHaa*cnu ckHd ricians 
know something about Morse, and of (auirse tlHp' aiH^ interestial in 
knowing just what has been done, and what more* there is a )>ros- 
pect of doing, and I presume that inf<>nnati<>n on llud point will 
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hP welcome if Mr. Ward could i?ivc us any further details regard¬ 
ing.- it I should for one be very glad to liear from luin. _ 

Me. GnoRcm G. Wako :.-Mr. Chittriss has told you a,s far as we 

Inve^one We are working Morse on the Rocki>ort cable. It 
was tried on tlie cable between Bt. l>ierre_and dape dod, but we 
found we could get no good results from it and it was abandoned. 
Since then nothing has been done on it, and the best results that 
have been obtained are, 1 believe, on this liocki.ort cable of ours 

between Canso and Rockix.rt. _ 

AMkmbkk:—W ouldnot Mr. duttriss kindly tcdl us sometlung 
of the vibrator invented by Mr. Pescod that has bec-n in use for 


several years ])<ist. 

Me. OuTTKiss:— -In reply to that, 1 would state that 1 cannot 
say anything about the vibrator. 1 have never wn-n it, nor liai-e 
I seen any drawing of the nietlu.d. 1 have heard that, he does it 
by vibrating the wlude coil inidm- tlu- siphon .d’ a small d'bomson 
recorder in which the siphon is atbudied to the eoil.^ • lie vibrates 
the whole thing so that he lilts the siidion a small distance oil the 
surface of the' pai.er. d'ha.t, I believe, is vluit bis invention is. 
Whether he has made any other improvement since I heard <.f 
that I, do not know. 1 know that there is a eoimter claim be¬ 
tween he and Mi-. Dickenson. As to wliieli is right in the matter 
I have no knowledge, ami eonse(|neu(ly I should not want to take 
up any ground one way or tin* other. 'Ptie metlmd is the saiueus 
Mr. biekenson’s prae-tieally, with the exception that Pi'seod 
vibrates the whole coil and Diekeiisun merely I'ibrates tin* si|diou 


by pulling it with the papiMX 

'Mu. WAim: .-With regard to thi* Morse, Mr. Ib-esident, I 

shonld like to say that tlu' relay used is the iiiveutiuii of an Amer¬ 
ican gentleman.' You suiil tliatthe P.ritish were taking the steam 
out of the/Vmerieans in the cables; but this Allen and IJrown 
relay was invented by a Mr. I’rowii, lormerly assoeiated with Mi. 
Edison in Ids automatie sy,-tem. Mr. Alh*ii is the limuieial part 
of the invimtioii. Bo the liritish will not take credit lor thnt. 

Me. Wukki.kr:--! think this (inesfimi of ielephouiiig through 
cableB is so important that it ought not to he ].assed ovi-r lightly, 
and I would like to ask Mr. Puftriss to tel! ns something about 
what can he done to overeome the iiidiietioii, 1 iiiean, has tlie 
effeet of a complete inetallie circuit, been tried, or have there 
been any aiiti-indiielioii devii-es used ^ 

Mr. (hi'ri'iuss; — Mr. President, tlitii is a hard one. Until you 






THE SIPHON BEGOBHER ANB OCEAN TELEPHONY, 


can change the nature of a calhe I don't think there is inncli hope 
of doing anything. Of course metal lie circuits liaoe l)een tried. 
I do not know that yon gain anytliing hy tluuii. In fact if the 
two circuits are parallel from any distance I thinlc that you |)rol)- 
al)ly would lose by them, for you are getting this whole reac-tion 
between tlie two parallel wires; tliat ^ronld a.(d, the sann‘ as a 
condenser, and there I must say that once sjxaiking w-ith Mr. 
Edison about this matter, lie told me that he did not la^lieve it 
wmuld be possible for us to speak from the conua* of Wall street 
down to tlieConey Island liutthi’ough our iin(lergr()und cribhvs for 
that very reason. lie said lie tliought all the ('urrent would lie 
neutralized, so to speak, or short-circuited iirobably would Ix*. the 
better term, before it got down to "Water strecit. In thiit lic‘ wuis 
wrong. I have spoken from Whdl street down to Coney Island 
very recently; and in one case wliere we had to open our (*al)les 
to search for sorneMjxmble, at Flatluish, not half way to (loney 
Island, I spoke froni the (iffice to Elatbush (linnet, (|uite (‘asily; 
but found tliat after concluding my test through that ])a.rt, and 
liaving previously instructed them to go on the otluu* end of the 
circuit, vdiich was loojied through our (^oney Iskuid hut and 
back to New \ ork, so that we work(Ml thriuigh three times the 
circuit, part of which was laid double an<l parallel; it was as much 
as I could do to liear the voices. Whether that arose from any 
action lietween the two cores, or what it was due to, I have m>t 
been able to determine, nor have I had any chaiuns for pursuing 
experiinents in that line. But 1 do not think tluit with long ca¬ 
bles, a metallic circuit is going to lie of any helj). Of (*ours(^ a 
great deal depeiids upon where your cinaiit is. If you are in a, 
Straiglit awaycountiy road, then I should say, as I liefon^ statcal, 
that I think tlie straight line is the hetter; but ii you arc^ (*oining 
over the Ilrooklyn Ilriilge, tlien I should sa,y you won hi do l)ett(u* 
to come in a metallic(irciiit. Otheiavise you gC; no spinudi at; all 
on account of the induction of the other wires passing ov(*r the 
same route. 

Mr. WHEELEE:--Are we to understand from that, that: a, rloii- 
ble wire would overcome the difficulty causiMl hy tin* status (?a.|)a- 
city of the cable, but would luing up a greatiu* dilliiudty, namely 
self-induction, between of tlui circvuit. 

Mr. Cuttriss:— I cannot say that I think the <\mhh circuit is 
going to overcome the static capacity at all. It cannot do it. 
The static capacity is still there. Yoii would rial nee your static 
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capacity by using the two to about one-half. Ibit at tlH‘ smiih* 
tiineyou are doubling the resistance. Of course, with ielfphonc 
that would not amount to much, l)ecanse it would go i hiNngh I he 
resistance very easily, but it would l)riug alxuit sonunvhat thi> i‘l 
feet of short circuiting across, the same a.s trying to talk thriaiah 
two parallel plates of a condenser. Of course this is all cdti jrc- 
ture on my part, not having lia<l a chance to try it. 1 ihink \ou 
would gain nothing by working over a good road ('h‘ai- oi out¬ 
side induction—you would get no gain hy workitig in merallif* 
circuit. I think a straight away linc^ would bt^ as go(Hl. 

The Skgretauy : —If I understand the genthnuin correctly, tin- 
capacity of the recorders as now (►perated is suOi that it dotss not 
appear tliat anything is to be gaiinxl hy tel(‘phoning o\ or a cahlc, 
excepting as a matter of experinumt; that is, uiilt'ss the (eh'phone 
system was a great deal bettei* than our hxail siU’vicM*, ! Wiudd 
much jnefer a siplion re(x>rder tor ac(*nra,<*y in llu* tra!ismi>sifn ol 
business. 

Mb. (hiTa'Biss:—On tha,t ]x>int prohahly I <*oul(l give a little 
light. The same day that Mr. Oowtu* (‘aiui‘ down to Duxhtiry to 
try his electric har]) he informed us wlait a. wondtudidly licaufitu! 
thing this was going to lie to speak across the <x*(‘an. W ell, hM%Ing 
that tronltle with theniirror, in (listinguishiiig hetwixn the ^ul^I^ds 
‘fM’’ and and ami otlna* hdters, we rathor doubted 

it, but we tlioiight we would maki^ a trial of it. So In* went n|» 
stairs with one teleplioma and wti liad tin* smartest of our elork- 
with a telephoiie down at tln^ other end, and we took up u hat 
was tlien one of the most hea/utififl of cable mossages, a Siokerd' 
If a man. could make anything out of (In* words of a Sfoker '' 
message he c<>iil(l nmlerstainl alniost a,ny1hing. Wt* toki him ih 
speak that inessagc througli his tch'phoin* U* tin* cdork d«o\ u -fairs 
who should write it down, and then the <‘lerk . hould ropouf it 
back to Mr. (lower, who should also cornxd it from the <*np\. 1 

think, if :my memory serv(\s me rigid, tlx* mes^ago {*omaincd 
sivniething like f()rty Wiuals. ''Fhe clt^rk (hnvn stairs madf o\rr 
eighty errors. It was r(v|)(‘at(,‘d liack to Mr. (lower, 'lltere were 
two telephones in the circuit. Mr. ilowt*r was listeuiuij:’at tmv and 
another gentleman at the oth(*r, ainl Mr. (lower c(»rrec{ed, a,-, ho 
supposed, forty of tln^ (‘rrors; hut th(‘ja* imim‘diutely aro.HC a di.^- 
pute between Mr. (lowcn* ainl tln^ othrn- gi*nth*mnn as to u hut oor* 
tain letters were, that were Ix^ing s(*nt. Now, there wore two 
people listening in and yet they <*ould not agns* 
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as to wliat one letter-was. So long as a telephone will not speak 
more clearly than that throngh a room you can imagine what it 
will he through a long cable. 

The Secketaey : — That coincides with my early experieiuie 
with the telephone. Our telephone line was connected with the 
Western Union Supply Dei)artment and I had occasion to impiire 
of that Department about the slaipment of three or four carl>oys 
of acid to Charleston, South Carolina. I got along with the 
whole business until the man at the other end atteniptcni to tell 
me the name of the schooner by which it was .ship])ed. It was a 
simple name, Mary Jane or sometliing of tluit kind. lint of 
course there was no context to give me a clue as to vvduit the name 
was. In other words, to teleplione successfully yon must luu’e 
an inkling of the business that is to he transacted, and who tins 
person is who is sending it. I have had occasion otuie in a win lit 
to answer the inquiry, “ Wlio is at the telephone?” and hetore 1 
could succeed in making them understand that my name was 
“Pope” I would get disgusted and give it up. I ])resume that 
is one of the names that does not go through a teUphone vci-y 
well. This is one of tlie difficulties T liave always apin'chendod 
in connection, with this proposition of telephoning commercial 
messaaes, and those who were most ardent in their advo(iacy of 
teleplioning messages for coinitiercial ])nrposes were those \vho 
were not familiar witli the facility with wliich a Morse op^n’jitoi* 
can receive either proper nouns or ciplier in(^ssagiAS or anything 
of that kind, and the same would apply to eal)I(‘-nu^ssa-ges. Of 
course most of us understand that tlie l)ulk of the business trans 
mitted over tlie cables is in ciplier, and I. doubt wlu^thm’ it wuuild 
be possible to carry on the calile business as it is to-day with the 
best working teleplione line there is in existeiu'e. 

Mr. F. Bennett: —I understand Mr. (hittriss to say tliat tin* 
diaphragm of the teleplione responded to tlie Tindulations of the 
current hut not in rapid enougli succession, to 1)0 ainlibltx Now, 
supposing this diaphragm had a needle on it such as there is on 
the plionogTapli and that the eylinder like that of the })lionogra])h, 
Avas to be rotated at a given speed, and tlie iiiidTilations of tin? 
diaphragm repeated on the tin foil of the phonograph, ami after 
the message was sent, let the cylinder be rotated at a mori^ ra.pid 
pace, wmuld it not cause the iindulatious of sp(ie(,th to Ixi rt^pro- 
duced so rapidly as to be audible to the liuinaii ear'i? 

Mr. OuTTinss: —Iii my reply I would say that it c?ertainly 
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would not be lieard at the other end. There is no reason why 
the current from the plionograph should be any stronger than 
one from any intermediate source. The electrical harp that I 
spoke of Mr. Gower’s using, was merely a rapidly interrupted 
circuit, according to any note that he struck. The harp contained 
about two octaves, and of course we had any range, within those 
two octaves in wliich to try it, but no sound was received there 
at all, and in that, he used, I think, four cells of Leclanche and a 
])Owerful induction coil, the current from which was strong 
enough, to give you a very disagreeable shock. So you can see, 
if that would not go, there would be no reason why anything 
fi-oin a plionograph would. It is exactly as Mr. Lockwood said 
in liis pajier; tlie currents are small and go wdtli such infinite 
rapidity that tliey are neutralized before they get to the other 
end. They are actually swamped, and that is the reason why you 
cannot get anythi rig through. Tlie receiving currents of course 
came through, his instrument l)ecause they came slow and were 
powerful enough to dotlect his diapliragm. If we had a make- 
and-bi‘eak on tliereit is jiossible we could have opened and broken 
tlie ciixmit from the diaphragm. Still, you can see wliy we 
could get no audible ellx‘ct, for the moment we liegan to increase 
our speed sufficiently to bring it up to tlie point, we w^ere sending 
the currents H<) raiiidly into.the cable that tliey were beginning 
to neutralize one anothm*, mul before wo could get to the audible 
rate they were neut!*alize<l—]U‘obal)ly before they got twenty miles 
from the station. 

Mr. IhoNNrrr'i':--! think Mr. Cuttriss did not fully imderstand 
my meaning. We will i:ake for illustration the old register where 
it; makes the dots and dashes on the paper. Of course we under¬ 
stand that that rotates at: a given velocity, the same as does the 
cylinder of the ])honograi)h. Now, supposing the cylinder on 
the jihoiiogiupli was revolviug the same as it does in tlie siphon 
I’ecordcr, it would (*.anse the undulations, or the dots and dashes 
for instance, to make indentations in the tin-foil, and then by re¬ 
volving the cylinder faster it would cause sliarper vibrations in 
the diaphragm and therefore cause it to be more audible. 

M'k. 0 uTTRiss:~(kn‘tai!ily 5 tluit would be so.’ But what ad- 
vantag;e would you gtd. from obtaining a sotind in tliat Avay, if it 
toolc you ]>rol)a.l)ly lialf an liour to get Bufficient signals over the 
cable to move thc^ diapliragm ; that is, if it took yon Iialf an hour 
to get sufficient signals over the cable to be made audible through 
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the dipliragin, l>j rotating the <n linder aftin-wards ra|)i(l!y\ I do 
not see what gain 3^)11 would get, hei^'iuse \-onr signals would 
have to come very slowly to iialtuit tli(‘ dn-loil at all, and \’on are 
certainly going to get no ga,in, he(‘aiis(‘ you ('annot s^md reversals, 
that is alternate |>ositive and negativi* ('uriamts. ^ on eannot send 
the same ninnher of words oven* it per minute as you (*au by 
using what we term a mixed signal. TIh^ i-rn'erMii has got to he 
a charge to one polarity from anotluu*- a mi\od signal, as we 
term it, the same as in the lettm* whmv it g<»es up with tlu^ wave; 
all you need is that wavi', and tht‘ Imigth ot the wa\o, to show 
tliat three signals have gone, dheridoria the sending ol rtwer- 
sals tlirougli the cable does not imuvase tlH‘ spei-d. 

Tkk SKiarn'rAiiv: - \ would say lud’ori' we (dose, Mr. Pri'sident, 
that these ((uestions that ha,ve (*onu‘ uj) in »H‘gard to w hat (‘an and 
what cannot he doiHM>ver a. (^a,hl(\ (‘an in* looked at, 1 presunu^, 
from two dilTerent [)oints -drom th(‘ (‘Xpm'iuuaital point, and 
from the cottiinercial point. As matters of expiU’inumt tlnw nm,y 
be very interesting, but conmuu'eially W(‘ must nmumilKu* that 
tlie cal)leis a very (expensive alfair; its s(‘rvi(*i^ is (‘xp(‘nsiv(*, and it 
is necicxssaiy to utilize every mouumt of tiime (lms(Mpumtly an}- 
system that is introdiK'cd must bean improxaatnmt in sp(H*d, or 
ail iiiipnavenient by reason ot doing away with th(‘S(( (hdmitions 
and faults in ap|)aratus whi<di Mr. (’uttriss has brought to our at¬ 
tention in describing the oldm*forms ot iustrunumts. As 1 under¬ 
stand it, the improvement has Inam in th(‘e(mtimiit v of the siu’- 
vice rather tha,n the sjieed, that is, doing away witli d(d(mtions 
(miseil by r(‘[>ixitin^g^ liaidc signaJs, and also by failur(*s of tlH‘ ap- 
paratus. 

Tiik IhiKsioKNT:~Tlui hour of (dosing haadug arrived ain! 
tliere lieing no further discussion tin* nuading is adjourmaL 
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Held at the House of the American Society of Civil Eiigmeers, 
1^-7 East 23d Street, New York, December (!th 188Y. 

The meeting was called to order at 8 p.m., by the 1 resident of 

the Institute, Mr. T. C. Martin. 

The PitESiDENT :—The subject which we have before ns this 
e vening, is one of the first importance. 1 therefore liave much 
Tpleasure in asking Mr. William Stanley, Jr., the electrician of the 
A^'T'estinghouse Electric Company to read us his paper on tlu‘ 
Hlienomena of Retardation in tlie Induction Coil.” 


PHENOMENA OF RETARDATION IN THE INDUC¬ 
TION COIL. 


BV WM. STANI.KY, .IB. 

Tins paper will attempt to emphasize the time relations of the 
ixlternating E. M. F.’s. and currents in tlie induc.tiou coil. .\uy 
cleBcription of the plionomena of retardation accomiauiying the 
ixiductive effects of currents would necessarily he incomph'te and 
Lixiintelligible without a clear conception of the fimdnmentul prin- 
Ciiples of the induction coil. Thismusthemy oxchhc lor hr icily re¬ 
calling to you the rudiments of the induction system. 

An alternating E. M. F. differs from a direct E. M. h'. in two 
important points: It varies continuously, and its dir(‘<‘lion or 
j>olar tendencies alternate. 

To illustrate graphically the various values of an altmmating 
IE. M. F. and tlie attending phenomena, it is usual to plot a series 
of curves above and below a straight line. This line, when divi 
<ied in equal divisions, may be taken to represent successive 
I>eriods of time (See Fig, 1). Starting at the point A, the E. M. 
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F. is seen to rise rapidly above the line riL -S' in a gentle curve 
(the particular curvature of wliicli depends on the construction 
of the generator), until at 9 reaches its highest point; thence it 
flows downward in a similar but i-everse curve, until it again 



reaches the line A JiT, and, continuing downward, finally attains 
a siib-maximum at O. From this point it rises again, crossing 
the line A X once more at Z>, whence a repetition of the former 
curves occur. 

The E. M. F, of the alternating current at any particular time 
can be determined by the distance of the curved line above or 
below A X ^ that time. For instance, suppose we wisli to de¬ 
termine the E. M. F. at any time, y. Througli y draw y z per¬ 
pendicular to A X, cutting A 9 at 7. Then 7 y represents the 

E. M. F. applied to the circuit at the time y. 

From an examination of the curve it will be seen that at stated 
'intervals of time A, 0, D, G, there is no E. M. F. applied to the 
■circuit; and, if the curves above the line A X represent E. M. 

F. ’s applied in one direction, those below the line A X represent 
E. M. F.’s in the opposite direction. Hence adjacent E. M. F.’s 
^alternate in direction, and hence the term alternating currents. 

There is a general misunderstanding to the effect that the 
..alternate current dynamo is less economical than is tlie direct cur¬ 
rent generator. This is not so; there is alittle difference, it is true, 
but the difference is, I believe, in favor of the alternate current 
machine. Let us take a dynamo field, for example, that of a 
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simple direct mxrrent type of dynamo, and separately excite it 
with a constant current; let ns now wind two armatures of 
identical dimensions, one for direct and one for alternate currents, 
and arrange to run them at the same speed; and let the windings 
of the two armatures be identical in size and number of turns of 
wire. Now tlie E. M. F. produced in these two armatures will 
be found to be, for the direct current armature; 

E. M. F. X volts- 

Resistance of the armature. B ohms. 

Amperes per section of winding. .1 amperes- 

And because tlie armatures are identical we Iiave for the alter¬ 
nate current dynamo: 

E. M. F. ■ • • 2 AT volts. 

Resistance of the armtiturc...:. 4 B ohms. 

Amperes per section of conductor.. ^ ^ amperes. 

Thus the direct cnirrent dynamo will generate A watts, and 

A 

the alternate (uirrent dyimmo 2 X X — or A A" watts also. 

♦ o 


Hence tlie ca,i)a,cities of the armatures are equal. 

The loss of energy in the a.rmatures will be, for the direct cur¬ 
rent dynamo, R watts. For the alternate current dynamo 
( A 

J — l X 4 li, e(iua,lH-, or A'^ R wiittK. From tins we 

( 2 i ' 

learn thiit tlie Iohhok in the armatures are equal. It is stated, 



howtwcr, that owing to self-induction, Foucault currents, or soine- 
thing else, tliesc tigures do not represent the actual waste of 
ciHsrgy. Tlu‘ waste of energy hy self-induction in the direct 
cnrront dynamo occurs when a brush on the commutator touches 
two adjacent stri])s at the same time, as in Fig. 2. The arrows 
indicate the direction of the induced currents and show that at 
tliat time all tlio K. M. F. of tlie short circuited coil is wasting 
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current on a short circuit througli the brush. What now i.s tlie 
loss in the alternate current dynaino through self-indiiction 'i 
In the direct current dynamo the current flowing through tlie 
armature coils magnetizes the armature with a polar line at an 
angle to the polar line of the fleld. Tliese annature poles main¬ 
tain a constant position relative to a fixed point, and are of a 
constant value. In the alternate current dynamo, tlie current in 



tlie armatm-e rises above and falls below a zero value periodically ; 
hence the iron in the armature has periodic polar tendencies at 
an angle to the polar line of the field. 

I shall endeavor to show that instead of wasting mnn-gy by 
periodically polarizing the armature, the E. M. P. devoted to 
this purpose is at first temporarily stored and 8ub8e<jU(.‘ntly re¬ 
turned. As is well known, a certain period of time i.s rccu'nred 
to establish a given magnetic charge in iron, which time is direct- 
ly proportional to the degree of magnetization to lie attaincal. 

If, therefore, we plot a curve, the abscissm represeuting time 
and the ordinates the degree of magnetization, and if we apply 
this curve to the curve of E. M. F. producing it, we have two 
similar curves .separated from one another liy a given period of 
time, as shown in Fig. 3, where 1, 3, 3, 4, represents the c.urvo 
of E. M. F., and 6, Y, 8, 9, 10 the corresponding (vurve of mag¬ 
netization. 

When the coil on the alternate current armature loaves a pokt 
of the field (duringrotation) the lines of foi’ce threading it rapidly 
diminish, and by induction generate an E. M. F. in the coil The 
rise of E. M. F. and consequent flow of current in the coil is 
attended by a magnetic polar effect in the iron core, which not 
only increases while the E. M. F. is rising from 1 to 2, but con¬ 
tinues to increase, attaining its maximum value \vhen tlie E. .M. 
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has fallen to K. Up to this time, namely, the time when the 
magnetic charge is maximum, energy has been expended upon 
the iron core ; but notice, that at this time the charge on the iron 
core is superior to the charge producable by the E. M. F. at that 
instant; consequently, the charged core does positive work upon 
the E. M. F., if I may use the expression, and in doing this de¬ 
creases its own value. 

This auxiliary E. M.. F. developed l)y the magnetized core 
upon the armature conductor assists the E. M. F. proper ; that is, 
the E. M. F. developed by the held magnets. Thus the energy 
devoted to magnetizing the armature, during the rise of wave of 
E. M. F., is returned as E. M. F. during the fall of potential. 
We may assume that the wave is shifted along or retarded. Fig. 
?, illustrates this retardation. 1, 2, 3, 4, 5, is the curve repre¬ 
senting the position of a wave of E. M. F., without taking into 
consideration the effect of the iron core, while f), /?, 8, 9, 10 is 
the curve-wave of E. M. F. which has been retarded, by reason 
of the magnetic charge on the iron from the theoretical position, 
1,2,3, 4, \ 

The curve of E. M. h'. of a coreless armature is cpiite different; 
here, as before, the theoretical curve is A, ./?, O, D, E, Fig. 4. 
Let us see what the effect of self-indnetion is in this case. 

We know that the s(‘lf-in(lnction is proportional, among other 


B 



things, to the current flowing at a given time, Uow, at the 
time A no current flows; hence, tlierc is no self-induction. 
But as the E, M. F. rises, and curreTvt is driven through the coil, 
the self-induction or counter E. M. F. prevents, the E. M. F. 
from attaining its thooreticad value. It does not delay the 
E. M. F. from its theoiastical time position, as is the case with an 
iron core, but prevetits the E. M. F, from attaining its theoretical 
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inaximum value at any time. The real curve of E. M. F. in this 
case would be ^1, cf, C\ H, E, Fig. 4. This curve shows that 
there is no waste of energy due to counter E. M. F., but that the 
armature output is: reduced by seK-induction. An iron core, 
therefore, causes the counter E. M. F. to oppose the E. M. F.’ 
proper only during one-half a period, and allows it also to assist 
the E. M. F. proper dm'ing the other half period in the phase. 

It is evident that the time of retardation, viz., the distance 
between 1, 2, 3, 4, 5 and 6, T, 8, 9, 10, Fig. 3, depends on- the 
quantity of current flowing through the armature coils as well as 
on the core. I have described this point at length, as there is 
a general, although false, impression that the iron core of an 
alternating armature necessarily wastes energy. 

We may roughly compare the theoretical efficiencies of the 
dii'ect and alternating dynamos, as follows The output is equal; 
the waste of energy in armatures due to R is equal. The 
waste due to self-induction is greater for direct than alternating 
dynamos, with properly constructed iron cores. 

Faraday’s law of induction may be stated as follows : The va¬ 
riation of the magnetic field surrounding a conductor induces an 
E. M. F. in that conductor. A variable field is produced by a 
variable current, and hence, a conductor carrying an alternating 
cm'rent will induce an E. M. F. in another conductor residing in 
the same field. 

Let us note the values of the E. M. F.’s in the inducing or 
primary, and induced or secondary circuits, at the same time, 
and first when no current is flowing. The curve, A, jB, B, i?, 
Fig. 5, represents, as before, the alternating applied E. M. F. 
ifow, the induced E. M. F. will be a maximum at the time when 
the inductive efl:ect of the primary current is a maximum, and the 
inductive effect of the primary will be greatest when its E. M. F. 
is changing most rapidly. Evidently this will occur near the zero 
line A X; for the E. M. F. will vary the most when passing from 
a finite value to zero, or from zero to any finite value. Hence 
the inductive effect of the primary and the E. M. F. developed 
on the secondary circuit will be a maximum when the primary 
E. M. F. is least. 

Fig. 5 represents the time relation of the primary and second¬ 
ary E. M. F.’s when no current is passing. The position of 
maximum E. M. F. of the secondary is, as you see, one-fourth of 
a complete period behind that of the primary. Now, a moment’s 
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consideration will show that the secondary circnit is simi)l.v the 
receptacle of an E. M. F-, and, when no current is liow.uf? lu it, 

plays no part in the inductive phenomena. _ h' 

The primary circuit evidently will induce m itsclt an E. M. 1 . 
in the same manner that it impresses tlie E. M. F. on the second¬ 
ary cii-cnit. Hence, in any circuit to wl.ich 

natino- E. M. F., we have two phases of E. JVl. h ., tlio one, the 
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period, wlien practically no current lstlowin}i:. 'rhis.sclf iiuprcc 
aed E. M. F. is called “self-induction,” or <*ountcr E. M. 1'. Wln-u 
two or more coils arc wound toj^ctlior so us to net collectively, tlic 
effect of the one upon the other is termed “ mutual " iudiu-tion. 
We now see why, when an alternating E. M. K., of, say, E'tiio 
volts, is suddenly applied to a coil whose resistance is low, us, wi}', 
1 ohm. the coil does not receive the <iuantity of current, liestinetl 
for it by Ohm’s law. The kinetic E. M. 1''. is very small hecauw 
it is the difference between the a])|)lie,d and counter E. M. E.'h, 



Fig. 6 shows a wire wound on itself or coiled. 'I'he full arrows 
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indicate the direction of the applied E. M. F., the dotted arrows^ 
the counter E. M. F. In the two adjacent turns one impresses a 
counter E. M. F. on itself and also a counter E. M. F. on the 
other and the other impresses a counter potential on itself and 
on the first. Hence in two coils of wire we have four impressed 
counter E. M. F.’s. This is commonly stated as the self-induction; 



and is proportional to the square of the number of turns. 

We will now consider the time position of the cuiTents flowing 
through coils impelled by the E. M. F.’s of which we have spoken, 
and endeavor to apply the effects of the various positions they 
assume to a few of the phenomena noticed in working induction 
coils with different cuiTent strengths. 

Evidently, when little current is flowing over a conductor, the 
self-induction and retardation are small; hence the curve of the 
current nearly coincides with the curve of E. M. F. Fig. ^ 
illustrates the positions. Here the phase of the primary curreiit 
nearly coincides with the phase of its E. M. F. The curve of the 
secondary E. M. F. is, however, just one-fourth of a period later 
than the primary current phase, while the curve of the secondary 
current is still farther behind it; so that, while the primary cur¬ 
rent phase is x distance behind the primary E. M. F. phase, the 
secondary current phase is 2 x plus one-fourth of a period behind 
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the primary E. M. F. phase. This delay reacts on the primary 
E. M. F. The lower curve in Fig. 7 is the curve of the connter 
E. M. F. developed by the secondary current upon the pi-imai-y 
circuit. It will he noticed that it no longer exactly opposes tlie 
phase of the applied E. M. F., for the time line A B, passing 
through the maximum position of tlieprimary E. M. I., cuts the 
counter E. M. F, curve at a point before its maximum value is 
attained. 

Fig. 8 shows an extreme case. Here the wrve of tive |>riinary 
current is one-eighth of a period behind its E. M. F. (Jonsi^ 
quently, the curve of secondary current is one-half a pcricHl 
behind the primary E. M. F., 'h, e., X i curve <d 

counter E. M. F. developed by the secondary current is f <d a 
period behind the primary E. M. F. 

We are now prepared to understand wliy the (*,(>unt(‘r K. M. F. 



developed in the iruhictiou coll varies in itscountiu* etre<'t as mir 
rent is abstracted froin tlie coil. The reaHon is simply that its 
position of counter effect is dependent on the <uirv<' of its jinHlu 
cing current, and as the eurreiit o<;cupies a variable' position rela 
five to the ap])lied E, M. F,, the counter E* M. F. smau^ssively 
occupies positions of lesser counter effect until eventually it has 
no counter effect whatever. 
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Tliese plieiionieiia are taken advantage of in the operation of 
iiidiietioii coils. If a constant E. M. F. be applied to the primary 
circuit of a converter, successive increments of current will be 
allo^ved to occupy this primary circuit as successive quantities of 
eiirreiit are abstracted from the secondary circuit; because these 
currents push along out of the way the opposing counter E. M. F., 
and consequently the kinetic E. M. F. attains correspondingly 
greater values. 

Thus far we have considered only two factors of self-induction 
and retardation, viz., the number of turns of the conductor, and 
the quantity of current flowing ; but there is another factor, most 
important, and that is, the resistance of the magnetic circuit. 

The magnetic resistance of iron is, as you know, similar to tlie 
resistance of any otlier conductor, in that it is directly propor¬ 
tional to the length, and inversely proportional to the sectional 
area of the circuit. This, however, is only true for limited 
values of magnetism. As the magnetic lines traverse a core they 
encounter a resistance proportional to their number at first; but 
if more lines be continuously added, a number is eventually 
leached which the iron utterly refuses to carry. This degree of 
magnetism is termed saturation.” 

^ It can be shown that the position of the curve of counter E. M. 
F. is dii-eetly connected witli the degree of saturation of the core, 
so that mth a given coil the position of no counter effect of the 
counter E. M. F. coincides with saturation of the core. The 
magnetic resistance of the core of an induction coil determines, 
then, the limit of retardation or lag of the current phase. Hence’ 
if we wish to construct a coil in wliich the counter E. M. F. shall 
always be inversely proportional, and the kinetic, applied E. M. 

I., always directly proportional to the current abstracted from it 
we niake the core of the coil with the lowest possible magnetic 
resistance.^ Such a coil, when supplied with a constant difference 
ot potential, will furnish at its secondary terminals an approxi¬ 
mately constant E. M. F. It is also evident that a coil Imving a 
hunted section of core supplied with a constant current may de- 
iver a constant E. M. F. on its secondary terminals, provided the 

held produced by the constant current is sufficient to saturate the 
core. 

_ I noticed these phenomena several years ago when exper- 
unentii^ with a senes system for lighting. Mr. O. B. Shallen- 
berger has applied this saturation effect in amost striking manner. 
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He connects a nuinber of incandescent lani])B, say fonr, in series, 
attaching their outer terniinals to a source of constant alternating 
E. M. F. Fig. 9. Aroiind each lain]) is shinited a self-in(lu(iti(>ii 



Fig i). 


coil, so proportioned that an E. M. F. of say loo volts will satu¬ 
rate the core of the coil. If, now, a lain]) 1)(‘ turned off, its cur¬ 
rent is diverted through the shunted coil, which offers a counter 
E. M. F. of lOO volts. We- would naturally c‘X|>(att that thi» light 
in tlie remaining lamps would grow dim, l)ut tin's is not the case. 
If we measnre the <h*ff(:vren(a‘. <>r |)oteutial ou tlu‘ (*xtrmne termi¬ 
nals of the lamps we find it to h(‘ v()lts ; on tlu* thre(‘ hurning 
lamps it is 50 volts eacli, wliile on the slumte<I (*oil it is loO volts; 
so that the sum of the |)otentials of tlic thre(.‘ lamps and the (a)i! 
is 350 volts, while the ai)plied E. M, F. is hut 300 visits. 

<-.-..- Pot, diff. 200 vu:tG, -----^ 

50 50 50 

."”""”1 100 ..f ) ..... 

8 a jj. J [ .i 0 j ,4v I [,fj» i’ .U >',] u » a M 1 

/' e ft 

Fig. 10. 

I think tlie exi)lanation of tliis is as follows: During the first 
part of the rise of the E. M. F. wave, tin* .shunt eoil pra<*tieally 
offers an infinites counter E. M. in <a>nii>arison witli whieh tint 
resistance of the tun]) may he neglecttsl; when, however, 
appli(Ml E. M. E. lias attained a vaihie <>f ItH) vailts, this <*ounfer 
E. M. E. is surmonnt(‘d, he<*aus(^ the (*ore of the; <*oit is saturated 
by tlie (uirreiit flowing in the <*oiL 
The Uunps, thenrforc^ na*(‘iv(; tlie remaining IttO of the 3o<i 
volts ai)pli(‘d, siiu'c th(‘ eoil, being saturat ikI, offers no additional 
counter cdfec^t. Now, after the wave of E. Mi F, has (hadhusl to 
a value less than lOQ volts, the Htored magnetism in tin* <*on^ of 
theBlmiited coil begiiiH to lone Btrength, and in so doing, <hnadops 
an additional E. M. E., which, assisting tin*. geiu*rator (uirrent, 
fxirnislieB a current during the time the a]>plual E, M. F, is of 
low, or r-ero, value, and by so doing keeps the average K. M. F. 
ou the lamps (jonstant. 
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I t is necessary then, in working with alternate currents, to take 
into consideration the time retardation or lag of the current be¬ 
hind the E. M. F. We have seen that this lag is dependent on 
the resistance of the core, and on its degree of magnetization. I 
have found it especially necessary to make time corrections in 
work on alternate current motors, and in apparatus depending on 
the attraction or repulsion of magnets energized by alternate 
currents. 

I have stated that there is no loss due to the periodic magne¬ 
tization of iron cores by an alternating current. This is only true 
of a perfectly subdivided core. A solid core allows secondary 
currents to flow. Hence its storage capacity is lowered. In 
practice, the loss due to wasted currents in laminated ' cores can 
be kept as low as one per cent. 

We may summarize the effects of the retardation of currents 
behind the E. M. F.’s in the induction coil as follows: 

Eetardation causes the counter E. M. F. developed to have 
coimTer values inversely as the quantity of current flowing in the 
coil. 

Retardation causes the energy expended in magnetization du¬ 
ring the increase or development of a current to be returned as 
current energy during the subsidence of the current. 

To an alternating or similar current, iron offers true storage 
capacity for all values of magnetization below the saturation 
limit. 


DISCUSSIOX. 

The Peesident:— Discussion is now in order. Should there 
be any gentleman present who is not a member of the Institute, 
and who is wishful of taking part in the discussion wm should be 
very glad to hear him. 

Mr. Tov^-sexd Wolcott I would hke to ask Mr. Stanley 
if he has ever observed an effect in reversing the magnetism of 
the cores other than that of the Foucault currents, that is, a sort 
of magnetic friction ; the mere reversal of polarity, independent 
of any induced current, producing an amount of energy. I do 
not know how much it is. I know that some years ago a French 
physmist experimented with alternating currents, using a copper 
core m one case and an iron core in another. Had the heating 
effect been due to the Foucault currents, the copper would have 
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become amcli hotter than the iron, while in fact it did not ^et 
hot at all while tlie iron became hot; so there was an effect due 
to the simple cliange of polarity—a sort of friction it is analo¬ 
gous to friction. I would like to know how much elTe(*.t that has 
in practice on tlie alternating systems. 

Mr. Stanley: —lii itieasiiringthe loss in an induction coil wc^ 
have found a very sliglit unaccountable waste, so slight thouglu 
as to be almost irnmeasurable. It depends somewhat on the num¬ 
ber of alternations that are driven through the coil. Witli about 
sixteen thousand alternations a minute the temperature of the 
coil, if it were placed in a calorimeter, would he indicated. The 
temperature of the calorimeter would indicates veiy nearly the 
amount of enei'gy whicdi was due to (1‘ It, or tlit^ heating 
of tlie conductor itself, Idie iron of the; (*-ore of tin* converter or 
the induction coil remains at a very low temperature iiideed. Of 



Kig. II. 


course there is a (considerable radiation while in the air. Mr. 
Shallenberger in Pittsburgh has made si*vt‘ra,l (‘areftil nujasure- 
ments and we are enabled to tind tlmt tla^re is hardly any pfu* 
ceptible loss from magnoti<‘ fri(*.tion. 1 ean well sci* that with a 
very higli degrees of magnetization wlicrc the core was of a limit 
ed area in pniportion to the numlier of ampere-turnH surrounding 
it, that there might b(^ a <a>nsideral>lc wast(^ <hn» to magm*ti<» 
friction or magnetic saturation, and with the indu(‘ti<>n <‘oils as 
made for the distril)iition of eha*tri(aty for lighting purp<jses this 
is veiy small indeed. I cannot tell you its i‘xtent, but: it is veiy 
small ,, 

Mr. WoixxiTTTlie one per cent, you speak of would include 
that, as well as tlie Foucault currents 

Me. Sta:nley "Y'es, sir. 

Me, , Hubert 11{)W'so,n In connection with tins si:il)jeet it oc¬ 
curred to me it would Ik^ of very great interest if wt? could have 
a precise delinition of the term alternating eurrmrV^ In looking 
into this subject it seems to me the |>hnise has been used to den 
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cribe different cliaraeters of currents, and possibly in. the course 
of a very short time it may be found necessary to have a correct 
definition of this term. Perhaps I can explain my meaning by a 
diagram. As eoinmoiily understood a graphic representation of 
an alternating current, is I take it substantially what Mi*. 
Stanley has given us in figure 7; but I have also found the 
term used to express a current which I should suppose was rather 
to be more correctly termed a ^‘ reversed current.” To gi ve a gra¬ 
phic representation, we will say that figure 11 is what we ordinar¬ 
ily understand as an altemating current. Some of you know very 
probably that, in connectioii wfith the subject of distribution by 
means of transformers, it has been proposed to substitute for the 
alternating current generator, a generator which shall give a con- 
riniious current and which shall have in connection wdth it a 
commutator which shall reverse the current, and I take it that a 
graphic representation of a current produced in that manner 
would be—^giving these time values—substantially as shown in 
figure 12. I have also seen the term “ alternating current ” used by 


Fig. 12. 

Mr, Stanley himself, I tliink, in connection with the description 
of one of his inventions—a very ingenious one :—It was a system 
of distribution in which he proposed to use also a continuous cur¬ 
rent generator, and he proposed to use a transformer which should 
aiitoiiiatically convert that continuous current into what he 
termed an alternating current. The device he used was a trans¬ 
former ill wdiieh he had a core, two primary wires and one second¬ 
ary wire. Of the two primary wires, one had a continuous cur¬ 
rent. The other primary wire was in a shunt and had an auto¬ 
matic attachment, by which its circuit was broken and 
closed again. The result of that was, he said, that the core was 
magnetized and demagnetized very rapidly, and he called the 
current that w’as produced in the secondary an ^^alternating cur¬ 
rent. It seemed to me that a graphic representation of that 
would probably be as shown in figure 13. Now are we to use 
the term -alteimtiiig current” as applied to one or to all of these 
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three things? That is the <']ne8tion whicli passes thrmigli my 
mind. 

Mr. Stanlkt If I ealled the eurront ])ro<lnecal, as Mr. 
Howson has suggested there in the last figure, an alternating eur 



rent, I was certainly wrong and it is of vtn*y little value for tin* 
purposes of induction. Th(‘ inaxinunn (dcadrounotive fona* in 
induced at a tirne when the (*urrent is changing most rapidly, 
Nowthe current does not chang(^ most rapidly la^twcani f lu^ points A 
andB, (tig. h) hut most rapidly from any |Mnntof any value, of any 
electroTnotiv(‘ fore(‘ whaf(‘ver, to y.vvo, and <amsi‘(jU(mtlv Wi^ <at,nntu 
get tJie same riurnlHUMd'v<)h indn(a‘d ptvr fo(»t of wire <m the 
converter or induction coil with this form of inirrmt that we 
get with a truly alternating eurrtmt. It is ma-essan thaf the 
currentsliouId absolutely pass above the line and g<» below j^ero 
mdrisetibove the zero line again,liaving jdusand minus alternating 
values in order to g(di a rnaxiinum induetive elfta*!. 'I'lirro will 
be residual magnetism no matter Innv suceessfuliy the apparatus 
is made to work. .Neeiwsarily any eiurnmt of one sign—imv pins 
iurrent or any minus mmmU '“imist de^velopin niivgivtm iinu* 
5oine residual magn(»tis!n in the iron, an<l eonsiNpiently tin* 
:3oudary (mrnmt <'annof have as great value as it would hH\o 
without tliat sanies ani<amt of <‘l(adroniotive btree, half above and 
lialf below t.lu* /a^ro line. 

Mr. S(ainvia;R H, WnuKURR: Om* }>oint I think \vh> pit*«HtMl 
)ver in nwii^wing thaf skiheh on tin* boank I'ln* eiirrent drawn 
fiore as a.n imlinasl eurrent wits an imjiossible mie as far as an in 
iduction eoil is eon<a*rii(M|. If tin* tirst lipwarfi stroke or lim' in 
igurc r(^pr<‘sent(‘d lb<* making <vf jnagiH*lism it would etmer 
ite say a positive current like 'first, upwa-rtl st.roki* in fignr*' I k 


Figure M, 

^ow, wlnm lhaJ magmfism was brok<*n or t»eased, a.n reprehented 
)y the downwunl .Ntroki* figure III, it wouhi gmn*mii* n negative 
airnml, which v\(Md<l la* r(*pre.sented !iy a eum* fht* inua 

outal line in ligiin* M, whenais tin* lignn* drawn represent?* 
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< inly a succession of positive impulses. You cannot get impulses 
of positive curreut only, in an induction coil, and the drawing is 
simply an impossible hypothesis. 

Mk. HowsojrMy point was that the polarity of the core in 
that ease was never reversed. It was simply magnetized and de¬ 
magnetized by the make and break of the primary current which 
1 had in mind in sketching that diagram. 

Mp Wheeler.— The demagnetizing would produce a negative 
current. 

Me. Howson. —I would be very glad if Mr. Stanley would 
draw out the curve of the current produced by the apparatus ; 
if he has experimented sufficiently with it to enable him to do so 

Me. Stanley. —Well, to begin with, we have a certain defi¬ 
nite electromotive force applied to the apparatus as represented 
(Fig. 15). As that electromotive force is constant there is no in¬ 



duced current at that particular instant of time. Mow if that 
electromotive force be varied, no matter whether it be open 
circuited or short circuited, or however it be—at this particular 
instant of time, there will be—at the instant of withdrawal, an 
induced electromotive force of a positive .sign rising in oppo¬ 
sition to the electromotive force proper, as shown by the line 
D. E. If we have an electromotive force of A. D. volts 
applied to a coil, on the withdrawal of this electromotive force, 
either suddenly or gradually, as shown by the curve A. B. In¬ 
duced electromotive force wiU rise at the same time. 
This^ would be the applied electromotive force the other 
the induced electromotive force at that time. Mow if the cir¬ 
cuit be closed again, and the current developed as in the case B. C., 
the induced electromotive force at this time will be, I think, as 
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shown in the curve F. G.. Durini^i: tlii‘ (leve!opnu*nt of tie* vlvv^ 
tromotive force or current the indm'od el<‘ctnMiH^tive force wilt 
be of opposite signs. During the fall of tln^ i‘lectroniof i\-e furoe 
it will be of the same sign. And I think you will timl, if von 
plot it out, tliat tlie <litTerenc(^ of tMjual valui* la/twiaui ap])lie<l and 
induced elcxd^ronu^) forces will lie just ono fourth <d* a eaiiu 
plete period—that being calhnl tlu^ ptnaod <dcotnplett‘allcruatinn. 
if it were an alternation a.i)a.rt. 

Dn. P. JL VANOini Wnvnn:~T<> pro|Hndv uiniersfauti timse 
currents we must draw two entirely ililferent lines; one <*ur\e 
representing the ris(‘ and fall of tln^ eI(*ctromotive f(n'(*e; amuher 
curve representing tln^ positivi* and negative of the intlniM*«l onr 
rent. When the prinuiry (uirrent is <mly rising and hdling. if is 
all of one sign—it is i‘ither a.ll positive or all mgative. h omufs 
to the iieutral line and tlum rises. Now, we <‘un, if we (ud\ in 
terrupt tlie (auaanit, when we luive a. enrrtuit of tlie same Ggn 
theypriniary (the ^ always of cliirermit signs; flie tv 

condary Isjilways p(Ksitivt^ ami m^gative whether the prinmrN is 
or is iiot)—I)ut if we (*ans(nJn^ primary to alternate too, ue in 
crease the ele(*tromotive. force of the indu(a*d <mrren{. We get, 
by tlie fall of tln^ (*nrreni iti tin* primary wire w«‘ gel fbe enr 
rent in the satne dinud-ion in tin* Heeondary wire; Imt if in plaot' 
of merely interrui)i.ing tlie currmit, wt‘ change tin* sigfi, ihai 
secondary current is iiu^reasm! I>y tin* primary enrreni in nppu 
site direction. I madi* a, serii*s of (‘Xp(*riim*nts st‘veral year.^ ayes 
and I was induccMl to prosiamie tlnmi, I'lnw wen* wry eneonran 
ing and V(‘ry intm-esting. i bad lamstmeied a nday with tuo 
coils—aiprills coil to re<*eivu and transmit tin* current, i hr. meh a 
secmidary c()il (>ver aindher (drcuit. ddie first e\p<‘r!mfm^ ira\e 
rue very curi()iis results and I liavi* (‘Xtensivt‘ly (smlimmd it ami 
finally C(>irnG;o the (*onstruction of several finans of frausformers 
ainl very peeidiar forniH t< I found at lust ihat it uf tUv 
iitiinist ini|><>ita4n*e, if we wished all tin* bt*tn*fit of our primarv 
currcuit, to chme the niagnetie (drcu as I call it to put pnh*- 
pieces to the c<uH*sor coninud^ the cori*H, If wv jmt n poh* fdeee fo 
the cores we gcd, at, tin* lirst break of the coiitaet of thi* priimuw 
current, a v(u*y stning s(*(Munlary <*nrreiit; but it is only at tlu* 
first break of the (*onta<d. The Hecond break is uenk4*r iiun*h 
weaker, and I. touinl that it lost eoimiderable magnetiMu. Wlien 
we open the armatun^ again, tlnm we get the secondary iuirreng 
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Wliat was to be the remedy of that ? I found soon that the only 
remedy was to be the I'eversion. We cannot repeatedly break 
tlie armature contact, but when we reverse we have the full 
effect—not only that—but we have the double effect of the re¬ 
versal of the polarity of the core. When I found that fact I 
made a series of experiments, always with measurements with 
the volt-meter to see how many degrees of difference there were. 
I had coiistriicted a volt-meter, which I arranged so that ten de¬ 
grees represented a volt. At the same time there was an am- 
iiierer eoiiiiected with it which was constructed similarly. The 
rir>r experiments were to remove the core and substitute a solid 
piece of iron which had more than double the weight of the ori¬ 
ginal core. I elongated the solid core. I put in a 24: inch core. 
Then I commenced again with wires and I took a piece of wire 
for a core 6 inches long and I took a piece of wire 24 inches long 
and I found that one piece of wire gave quite a deviation and 
half a dozen pieces of wire gave more deviation than the whole 
bunch of 2S0 wires which had formerly filled it. Among other 
int€!resting experiments was the following, shown in figure l5 A 
I used 2S0 soft iron wires for the core and then I bent them 
around. I took half of these wires and bent them around one 
wa\ , then I took the other half and bent them over on the oppo- 



Fig. 15 A. 


wMeandinterlacedthe 
had a t eu I had a coil on which at the first contact we 
ad a Terj strong induced current about four times the intensity 
wych you could obtam otherwise. But then I found tBe neces- 
y j of reversing, men I reversed the current then I got about 
fonr^mes he intensity of the cui^ent. I have such a fofi ^ 
wou e glad to exhibit to the gentlemen present. 


DmarrssroN, 


m 


Mb. Geo. B. Piuikcott, ^ 

ley get the date of tlie invention from Dr, Vamhn* \V (‘yd(% as 
that is the indnction eoil now maniifaetured hy the S(att*s 

Electric Lighting Goinpany. 

Mr. Wolcott.—As the electromotive force falls oiF as Mr. 
Stanley stated, it would getierate electromotivi* forct* id tin* sann» 



kinxl in thesaine ilirectiiMi in tin* siaamdarv. I Itinr 

between clectroinntivi^ force ainl (nirr<‘ni. Of I'onrsi* fin* tnirroni 
would not follixw on a,<*connt of sidfdinluetion w«add no! follow 
electroinotive force, just as he has shown in some of these tlin 
grains here. If that f(‘ll oiT it would make a m*gati\e elrofnaoM 
tive force in the se(*ondary, and as it rose again tin* ilireetiun 
of the primary <au-r(*iit is nsv<‘rsed ainl also the direetion of flte 
secondary (dcidromotive fona^ with ri‘S]M‘et to thi‘ |n*iinar\. Hm 
of course ilM'Jumvills \ver(^ a comph‘h‘ eireiiit so that vu- e^uhi 
have a current, tlie current woidd vary Vi*ry mindi from fhui. As 
I take it, that is v(U*y similar to tlu* ease* ol a, ithiinikortf ooil in 
which the cnriimt is exactly altin'natcak The coudifiun- ean Im 
so tix(il that tlnmuirrcnt in (dosing tlu* <»oil is ver\ sm.dl the 
electroinotivc Force, is low at least. In no cnsi* is it anvthing likt' 
the ekefrcuindiive foiiis of hiiniking tin* (dreuit of a KMmnd.iuil 
coil. 

M,r. STANLrnL~4Vith. yiiur pertnissii.>iL I will endea\i»r to sitt 
oiit tliis snhje(*t a/liW As 1 tmdt*rstand it, the efh’ri 

of Joining UuMtiagntdh*. circtiit aii>irinl the primary am! MT*»ini 
ary induction (i>il is practhtally to iiNinct^ tin* win% if I nunemher 
correctly, to about oncssixth. In (rxp<‘rim(mting with e«u!s, I** 
begin with, I took Faraday's ring and \vonnd a (iMlonidiin-rsidrs 
The hesteoil I hav(‘<‘V(‘rsi‘eii (luisistedof ahnndle of straight wire> 
on which was tlneadiil a lot of iron witslnws iftgmi* |c,. j ddun 
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has the highest counter induction per unit of length of any coil 
I have ever seen. In the Westinghouse Company’s system we 
get about two volts per foot of wire. This coil gave, if I remem¬ 
ber correctly, about a volt to four inches. But it was impracti¬ 
cable to constract, as they could not make them fast enough. As 
I understand it the curves of electromotive force induced from 
an alternating current are these. Fig. 5. A, B, O, com- 



Fig. 17. 


plete period of the curve of the primary or applied electromotive 
force. Now the induced electromotive force will be maximum 
at the time when the inductive effect of this primary* current is 
a maximum , and the inductive effect of the primary current is a 
maximum when it changes from zero to any larger value. Con¬ 
sequently, the electromotive force of the induced current shown 
in the lower curve, figure 5, will be a maximum at this time ; 
and it will ben minimum when the inductive effect of the pri¬ 
mary is a minimum, and that will be nrhen the rate of change of 
the primary is the least, viz., at the crest of the primary wave B 
and B, we find that the same values of applied and counter elec¬ 
tromotive force are just one-fourth of the whole period of phase 
of the current. That is with an alternating current. In the 
diiect current we never can have as great an electromotive force 
induced in the secondary circuit because our primary circuit 
never passes the zero line. The curve of induced electromotive 
force in the case of a broken, direct or interrupted direct current 
I think is this. Fig. 11. As will be seen, the induced current 
will be of negative sign, while the positive current is going to 





DlSOUSBIOm 


117 


maximum ; and tlic induced current will bo of positive sign, 
while the applied current is falling from tlic maxiiriiim. 

Mr. Worx;K:riT.'~~lI()W do jou get from the positive to the ne¬ 
gative there ? 

Mr. Stanlky.— The niki of change at the break is enoiariousl y 
rapid. 

Mr. Wol(x>tt.— Ir is iniiuite a,(‘.cording to that, 

Mr. Stanlkv.— It is almost infinite. If the severance of a 
contact reciuires no time whatever then it would he a straight 
line; if not it would l)e a. little inclined. 

Perhaps it might lie interesting to illustrate th<‘ a|>pIications 
of induction cioils for covering long-distan(*c distribution. It is 
well known that the cost of a <‘,ondn(‘f;or varies invm’scdy as the 
ficpiare of the elec^tromotive force. The cost of th(‘ (‘.onductor for 
transmitting a given ainiiunt ()f cniergy will lie, for 10(1 volts E. 
M, F.,, we will say, dollars, while for a 200 volts pressure the 
a; 

<‘/)st will be — dollars, dlnua^fore, th(‘ (iconornv of the ahunaui- 
4 

ting system ovio* others is directly as thc‘ s<|iui.r(‘ of th(‘ rafios of 



tli(‘ir elc(‘f.romotiv(‘ forces. Ifut in order to (‘.over enormous dis-* 
taiKies and to mak(^ i lu* system us broad as possihhx I d(‘vist*d 
another plan which may or may not he new. Wv an* to apply it 
in .BerkHhin>i (^>unty, Mass., to distribute from a station ovi‘r it 
milcjH of tm’i'itory with a loss of 2 per cent. W(‘ havc^ lot) horses- 
power to distribute and the potential of distribution is to lie4,{){H) 
volts. Our alt(‘.rnating <mrrent dynamo is of volts. In 



118 


RETARBATIO]^^ TJST TEE INDUCTION COIL. 


order to get the eleetromotiye force up to 4,000 volts we simply 
wind one coil of %vire and attach our dynamo to intermediate 
terminals of that wire, distant apart one-foiirth of the entire 
ieiigrh, as shown in figure IS. That is, the length included between 
the terminals is one-fourth of the whole length of wires wound 
on the coil. There is no secondary circuit whatever. Of course 
there is an ind need electromotive force upon every turn of wire 
on that core of so many volts per turn. "We apply our electro¬ 
motive force of 1,000 volts at those points in order to get 4,000 
volts between the outside terminals. When we carry our cur¬ 
rent at this enormous potential over to the place where we wish 
to distribute we simply attach another self-induction coil similar 
to the first. On one-fourth of its entire length we tap out an¬ 
other circuit. That reduces the potential from four thousand 
volts to one thousand volts again. The maximum efficiency of 
an auto-converter, or converter of one coil, evidently is found in 
the case where the ratio of reduction is from 1 to 2, or 2 to 1* 
If you have it in the ratio of 1 to 4, or 1 to 6, the saving is not 
nearly as great. • 

Me. Peescott .— I visited the station in the Berkshire Hills^ 
that Mr. Stanley speaks about, a few days ago, and I noticed that 
they had for the generators one omnibus wire running around 
the station such as are used in the Edison stations. But this om¬ 
nibus wire was split in two, and each generator worked into its 
own circuit. I asked the attendant why the omnibus wire was 
not connected across and he said that if they connected it across 
they were likely to burn out their armatures. I would like to 
ask Mr. Stanley if that is so ? 


inrougiianoversight in the cons- 
traction of the dynamos iii the early stage of the business. We 
all have to learn some things; and the reason why it has been diffi¬ 
cult to multiple-arc alternating dynamos is, that the phases have 
not been exactly the same. We made our dynamo pole pieces 
of cast-iron. Those cast-iron pole pieces did not measure to a 
thousandth of an inch the same width, and consequently the two 
p sei, of current, which ought to have coincided, did not coin¬ 
cide exactly, simply because of faulty construction. By tooHng 

inent, there is not the slightest difficulty in multiple-arc-ing two 
or four alternating dynamos. I think a new feature in al¬ 
ma mg currents, perhaps not well known to every one here„ 
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is the remarkable Belf-regulation of the alteniatiii^ eurreiit iiia- 
chine. I cannot speak of it fully, because 1 have had vei^ little 
to do with it. Another man is responsible for the beautiful work 
he has succeeded in ji:etting. In Ihttsburgh, a few days ago, I 
saw a 255 () 0 -light dynamo run by a. 250 horst‘-powm* migiiu^, and 
2/150 lights thrown by a singb switch. The rise in (‘halronio- 
tive force was one volt. I submit, that in tlm |)resi‘nt state of 
the art, it is itnpossible to construct a dired: eiirrcmt imudune 
which shall have anything like the self-regulation these altiumat- 
ing machines exhil)it. The resistance at the (commutator of a 
direcit current maclune would cause a greatcu* variation of j)o- 
tential than was manifested in this machim* I spcmk of. In the 
indiKition system W(‘. start out with an alternating curriuit ma¬ 
chine, in whi(*.h we ])retend to have at least a ma.ximum loss of 
two volts in (ilt‘(1'romotivc for(*e in tlie dynamo with the }>rop<m 
regnlation ne(*essary to any machim^ Towns are wired, at h^ast 
I know of two poholiims whiidii an* wired, for one per cent loss 
of (decitromotive forcHs distributing (d(H*tri<uty generally ovtu* an 
area of alxnit a mih‘ rarlius. The actual hms in iho mains is oiu* 
percent* In tln^ induction ('oil, at full load, tlnua^ isamdlier loss 
of two per (avnt. 

Mr. M AinL()irx 1 \vas (‘xi)(Hdhig tluit s(>in(dM>(ly would ndiu' 
to one of tlui leatinH's mentioned by Mr. Htauhy this (‘Viujing, 
whi(*h is io na^ one of the most inh'tvsting, from tlic tluMualit'al 
as well as from tht' |)ra,c.ti(*al standpoint, inasimudi as it h^ads to a 
Before of a,|)i)licalions. It is that sysh^m in which four lamps, 

/;, (/, wovo (‘oiuH‘(1t»d across flu* tiU’minals of a constant po¬ 

tential aJUu’naliug (dreuit; and in winch tins dillVnou'c of pte 
tential for a paHhadar lamp cut oat was takim up by tbo sdf in¬ 
duction (‘.oil use, ligure It). Now 1 would like to ask Mr. Klan“ 
ley whteher llu‘ objiM't of using tliat induction (‘oil was merely to 
balan(H‘. thci oiJuu* lamps, or whether it was (‘Xpt'cted that any 
energy would b(‘sav{»d ly its use; in other words, wlnlber the 
two lamps running witli the (circuit (Continued tiirough tin' H(df- 
induction (u)il would rcapure less energy than would the four 
lamps. 

Mb. Stanley : TIu*^ <*oiUHietion of the lamps in wudt^s in that 
way was for a stnad-lighting Hystem. In ordm* to distrilmte 
lamps (icouomically for street-lighting purpost's tlu‘. plan ad(»pted 
by Mr, Shalltmbergim w-as brouglit out. Tlw^ shunted coil on 
the extinguishment of any one lamp prevents the rest of 
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tlie lamps going out. For instance, there would be twenty 
lamps attaelied to a 1,000-yolt circuit, each lamp of 50 volts. 
Xow all those twenty lamps may go out, or nineteen go out and 
the remaining lamp would be at approximate candle power ; and 
jet the siiiii of the separate electromotiye forces, measured bj a 
yolt-iiieter around the lamps and coils, is far in excess of the 
electromotiye force that is appHed to the outside terminals of the 
series. 

For instance, tliere are four lamps connected in series. There 
was a lamp connected at a Fig. 9. That lamp is extinguished and in 
place of it tliere is a self induction coil <^, Fig. 10. This series is 
connected to a circuit whose E. M. F. is two hundred volts ; a volt¬ 
meter connected to each one of these lamps will show for the 
lamps 5, c, d, 50 yolts each, and for the self induction coil, 100 
volts. Xow the sum of the interior electromotiye forces here is 
two hundred and fifty yolts. The same volt-meter will show an 
electromotive force of two hundred volts dn the outside term¬ 
inals. That is, the sum of the interior electromotive forces is 
greater than the applied electromotive force. I think that can 
only be ex]3lained by the retardation of the current producing 
the average electromotive force. 

Me. Peesgott:— In regard to the point that Mr. Stanley kindly 
replied to a moment ago, I would say that it is of.course well 
understood that if the time phases of any number of alternating 
current machines are identical there is nothing to prevent their 
being worked in multiple-arc. Xow the question to my mind 
was whether there is any practical difficulty in getting those time 
phases the same. Of course that includes not simply the electrical 
and mechanical construction of the machine; it requires them 
to be identical in that respect. Xow I have seen only two West- 
iiighouse stations, and in both of them, each dynamo had a sep¬ 
arate engine and in both cases the machines supplied separate 
circuits. Is there any case of any plant now in operation where 
a number of machines are successfully used in multiple arc ? 

Me. Stanley:--! think at Denver, Col., a station of five 
thousand lights is run with dynamos in multiple-arc, although I 
am not sure. The Pittsburgh station has been run in multiple- 
are. Our policy is not to run in multiple arc. We prefer not 
to. There is no choice in the matter excepting only that of 
simple expediency. We construct the station switch-board so as 
to connect any circuit leading from the station to any dynamo • 
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witboiit eatisiiig a flicker in the lights, and tlnrs give tlie dynamo 
a definite load tliat yon <*an r(‘ad on the ampennnetons. That 
seems to ns to l)e a very satisfactory way to rnn. As tln^ cxm- 
ino’ arrows later lights are cut off, the circnitsare ti'aiisferrcHl frotn 
a iuiml)er of dyiiamos to perhaps a smallm* mimlx/r, and (‘Aandii- 
ally down to one dynamo whi(*li runs all night. 

The subject of multi|)le-ar<ang of the dyiuimos (^omes so near 
the question of running alternat(‘ (uirrent motors that it is the 
same question i>ra(‘tica!ly, and I fe(‘l, ])erhaps, justitit‘d in ex- 
plahiing a little |)Iieno!nen<>n in that. If you take two alternat¬ 
ing current dynamos and (*ouplo thiun tog(‘ther, and start them 
up, one dynamo will fall into syehronism with the otiunx In 
order to havt^ an alternating (uirrent motor, it is necessary to 
have a direct current through tlu^ ti(‘ld and an alternating (uirrent 
through the aiauaturty In order to g(‘t a direct currtmt through 



the fudd, you !uiv(» got to hnvt* a- (Munmniator, whieh will 
redirect flu^ field eurnmt. This enrrent in tin* fudd will riso from 
zero to a maximum vaJiu* and fall again to zero value, hut tin* 
armature (‘urrents will ho alnne and helow tin* zero value, ns 
shown in Fig. IT Now, notiei*, that at tin* tinn^ markt‘d hy tin* 
full verti(^aJ linns, tlien* is no cmrrimt tlowing throiigli tho titdd, 
and then*, is no current tlowing through the armaturtv. If, then, 
we have ail U/lhnauitiiig {*urrent motor wldnh is running with tin* 
exact sptHMl and in conformity with tin? mnuher of altmamtions 
of the dynamo whi(?h is a.j)plie<l to it, and have the phases of the 
two cnrr(»nts in exact sym*hronism, that is, with (Mpia! phases 
coming togetln*!* at the same tinn*s, wv will havi* ahsolutely no 
currtait in tin* lh‘ld wliili* tlierr* is in><*urn‘nt in tin* armatnrt* of 
the motor. Now tin* commutation of the th*ld may be outlimMl 
as shown wlu?r<? f ''l''iiHlicale the ciirninutatiu* si*gnietits. Tlnu'c 
has lH‘en, until tin* motor arrived at synchnmisni, commutation 
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at diHerent points in the phases as at the dotted vertical lines* 
But wlieii the motor runs at exactly the same speed as the alter- 
iiatiiig dynamo, there is no force then at work keeping the motor 
going. In other words, yon can run an alternating current motor 
lip to speed, but the minute it goes into absolute synchronism it 
H'ill fall off again, and the consequence is that the alternating 
current motor wiU see-saw. There will be no power to continue its 
motion. Its speed will fall, and it will drop down to a lower 
number of alternations, but will rise up again. 

Mr. Prescott:— What is the effect if you have just enough 
work on to keep the speed down ? 

Mr. Stanley : — Then it will never rise to synchronism. 

Mr. Eice : — I would like to ask Mr. Stanley in reference to 
his last statement as to the motor, what percentage is the varia¬ 
tion in speed ? 

Mr. Stanley : — Of course an alternating current motor in 
synchronism and kept there, runs at exactly the same speed as 
the alternating current dynamo does. If the motor, is impelled 
to synchronism and beyond it, it will go to perhaps double the 
synchronism. If the alternating current machine is run 16,000 
alternations per minute, the alternating motor if it goes beyond 
that number, would never stop until it gets to 32,000 alternations. 
But the chief difficulty is that it does not develop any counter 
electromotive force under the conditions described, because it 
cannot develop a counter potential unless it has at all times a 
constant field charge. As the cuiTcnt falls to zero, of course, 
it cannot develop any counter electromotive force at that time. 
An alternating current motor has no efficiency of any conse¬ 
quence until it arrives at synchronism and becomes practically a 
dynamo running in opposition to the dynamo applied to it, at 
which time it has an enormously high efficiency with the most 
perfect self-regulation. 

^ Mr. Eice I hardly understand what Mr. Stanley means, in 
view of some experiments we tried recently. We had a self-exciting 
dynamo, and ran it in multiple are with another self-excitino* dy¬ 
namo, and then threw the belt off. The current from the g^ener- 
ator proper passed from the armature of the motor. We did 
not find any variation to speak of, and it ran perfectly in syn- 
^romsm. It was a generator capable of giving out about twenty- 
five thousand watts. I then loaded it until the motor was givi4 
out in the neighborhood of fifty thousand or sixty thousand watts • 
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vrithout anv \v!ia{(‘vt*!‘ in .n|hhm| or ;njy !<♦ varia 

tioii. 

Mb. Stanljcv It had an altnmatinu* linhl in whitdi tin* 
[iedi%ati<)H |>nriodi<*ally ttdl ti> Ihit in thn dynann) tin* ti'ianlr 

tnan Hiuaiks of, I ninhvrstand, tln‘ inati'inlization of fln^ fiohl wa- 
always th(‘ Sanaa ('onstajinaitly it was a trim altornatiiit** niirroni 
Ta)tor. 

Mb. Ek'k :—1 iU> not sia,* nxaatly lanv that nmots tlii* ijimsfiom 
tecaiise tin* tinld of tlm nn^tor was (diarp*d by it^df, flmndoiia 
ic.cording to your slattanonf, it was ialliuB’ from to Zi*ro liB'irin. 

Miu Htanlkv : Ida* tiald ot tin* inotm’ was idtaro'iaj b\ a larr 
‘eat d(‘vnlo|H*<l liy tin* motor itsalf <m its own arnaitiira. 

MB. limi*:: ■ ■ Vos, sir, 

Mb. Htanukv : And tho jdiaso of tla* onrroiit did not ooinoido 
ritli tin* phasi* td' tho appliiMl ohanrouiottvo iVroo. 

Mb. Hiok: II I nndoivtand you for a omiain poriod of tiinia 
vluai a motor runniiur is (*\oititru* its own fir'hl, \on >nv thoro i^. 
10 opposition to tho priimiry onrront from tin* pan rafin* f 
Mb. Stani.kv : Vhat is tmo. WUnu tho mirn nt in tho hold 
zoro, ami lilt* tit*ld (‘harm* is zon», tht*n thma* no oha*iromo 
ivo foroo iirotluoihlt* of oinirsc. Ihit if tho Htdd ohartf^ms (smi 
tauti, lla*n it wdl d<‘\oh}j) a oountor olotaroimnjv*» |or<*o ami 
000!no a trta* nMn«tr. 

Mb. liioK: 1 mahastand y<m to ‘*a\ that tho hold woniil full 
) >!(‘ro in a solfo\ritina motor. 

Tub Ih{KMni-Nf : I wand<! liko lu ask Mr. Hioo if hr m 
horty tti uivt* a litllo informaiion hu tla* ptdm of svnrhr«mi‘»m f 
Mit. liioK : All l!mf 1 oan sa\ in rt'oard to that is that ui' 
avo irital tnulliplo aro intt tlymanios, Wv lant» rim dutiiifios 
i^tdiior fora pt*riod of fwmif> honr- ottntinmmsly ami iho Imds 
tointal to lio ^ otpiallv tli\ aIod, wla*!! tin* spotal *ii\ a^ krpi aid 
irni. Wo ha\o abo oxptoajuonfod viith inoltirs ami found nn 
itiioidty in that <li root ion. 

I was vary mtadi intorovfrtl in tho systoin whioh Mr, Sfiiidf*v 
•tributoh to Mr. ShallmhrrLror. 1 itdrdi it is milv j»s| to Idsn. 
him I hofustm to ‘"'a\ that that s\stoni w,'o^ patofifrd Ija him 
iroo or four ^\oars ap», Hr nsrd almMst ii.|t-nrioallv'iloit samr 

Tan^mnom, u hitdi (*ond*Htrd td plarin*^ a solf ifidnofi\ ooil hi 
laco of a lamp, so adjhmtrd tinif it would mko jiisf. fhr rtirroni iff 
le lamja I do not kmtw f.lial fhaf was fhr lirsf limo if hhh 

mo, hut HO' tar iis I know" it wais. 


124 


RETAUBATION IN THE INDUCTION COIL, 


Ill reference to Fig. 4:, I do not know that I correctly under¬ 
stand Mr. Stanley’s explanation of it. The diagram, I under¬ 
stand Mr. Stanley to say, applied to a coil in which there were 
iron cores. Is that true X 

Me. Stanley :—Yes, sir. 

Me. Rice : — And you say that the self-induction follows ex¬ 
actly the pi'imary. Row it seems to me that coils with iron or 
without iron are the same excepting a difference in degree; there 
is no difference in kind. In that case it seems to me there would 
be a slight shifting. 

Me. Staj^ley :—The difference in ratio is one to many thous¬ 
ands, and it being so small I thought it was not wortli while ex¬ 
pressing it. 

Me. ^YHEELEE:— I would like to ask Mr. Stanley whether 
there are any losses on the line wire otlier than that due to re¬ 
sistance—whether there is any current dissipated by retardation, 
self-induction, or anything of that sort ? 

Me. Stai^ley : — I was perliaps the worst frightened of any 
man who ever stood on solid ground when I read Prof. Huglies’s 
lecture on self-induction. But the effect of self-ind action whieli 
lie described, and the measurements on which it was based, were 
made with a broken direct current. With the system that we 
use we have not been able to find any variation from tlie true 
Ohm’s law, all our wiring details* are based on the assumption 
that the resistance is the ohmic resistance of the copper only. 
In the ease where the wire goes around an iron ‘core, it is not 
necessary that there should be a loss of electromotive force. The 
electromotive force is merely retarded for a moment, and as soon 
as it has fallen to a value below that of tlie cliarged magnetism, 
the stored electromotive force is all returned to the circuit. I 
think there is nothing so generally misunderstood as the loss of 
electromotive force on iron cores. 

Me. Wheelee : —It is a case of magnetic storage. 

Mr. Mailloux I do not think Mr. Stanley exactly answered 
my question, and the remarks made bring us back to it again. 
The question is whether that circuit that he speaks of in which 
an induction coil is substituted for a lamp, whetlier the loss of 
eneigj-, in other words, the expenditure of' energy, across that 
line is different in the second case from what it would be before 
that induction coil had been substituted. If, as Mr. Stanley 
argues, the effect of self-induction is simply to retard the electro- 



nisousBioN. 


125 


active force^ then evi<h‘ntlv \v(‘ 8till havi* farci! 

here, aiid if it does not absorb oliM/troniotivo fta’(*e or (‘au>e 
OSS, then we slionld take l<\ss (aH‘rgy than would be aecaMiniod for 
ly that wliieh woidd i>e Jibsorbod iii tlu^ three lam| ks, plus that 
hsorbed in the ohmi(' n^si.stajuaa as la* trails it, of the s<df indm*^ 
ion coil. For wt‘ must riMuendnu- that tbt* atnoimt of eiii*re:‘v 
equired at tla^ Uuaninals of tla* indu(*tion (aul is not as mueb as 
mild be represiMittal l»y ( h\ I t is f / h\ pins a laaiain <jiiaro 
ity which r(‘pr(\st‘nls the work done in tlje inrlut'iion coil in over 
cminiii; the (a)iint(nM‘hH'tr(>nu>tivi‘ force of tli(‘eoiI. Now, then, 

; is inter(‘st,ina’ for us to know whether in that ease th(^ (‘Xpemli 
ire ofeiuu’^y was the sana* wbi*th(»r the induefien ('tJil wjh on, or 
rhetlicr tin) four lamps vvtu-e burnina'at on<s time. I imdine fo 
le opinion that it must have btam tin* sarma and that eonNf'qm*nt« 
r there tnust ha.vt‘ been a- eertaiii mnonnt of work wbieh wa> ale 
H’bed tind dissipated by the selfdnduetion eoil. 

Mn. Htaniusv: TIh* ener’i»w on tla‘ !am|> is (vxaetlv tin* same, 
fit were tmt tins lamps would ^row brighter, The piUeiifhd m 
lem is constant. Tins (‘urnmt uxnnn: throni!:h them remaiiw 
:mstant (»r tiuw wotdd not In* of llu* s;nne l>ri!lianev. The 
slfdndtK'tion (*oil do(‘s wasO* sonn* eiH'rjxv, luH it has thiv 
lect of Htoring tmeixv for a lunef Interval of time and then n* 
irnin^mt n\um ilin (n'rtniit, As tiMln* invamtiiUi of the self in« 
action (*oiI for this pnrpn,.e, I have the very liiuinsst n^tr^ird for 
'rofcHHor Thomson and always had, hut if | rerneiulier e«errei'fIv, 
le patent \\mt Mr. KMei* ri'fers to is not for this |airpiise. It 
)r cuiiiii^j;’ in a mnl. d’his is a, Viuw dillerent invention. Thi^. is 
coil always in (n'rcwit do this work, whiit‘ tin* eedi Pnife^Mir 
Inunson devist*d is (nil into the <nrcnit. 

iMK.. Maii.i.oi n. i would hki* fo state tlien that m\ eon^nofinn 
)pears to l)e upheld hy Mr. Htanhw, that, tin* enertry hein^^ tin* 
lue, this induction <'oil represents nothin*C imn*e than resistance. 

, takes up a, e.erlaiti ainount of energy which a taulain idio rr 

stancci would eh‘arly ahsor!). If we Wi*re l«M*eplin’e that self in 
Action coil hy ainkher oin* having no self induction, hut it larger 
JsiBtanee, HO that the <dreui| going into that n.*sistaiice wotdd 
)Horl) the sanu* munher of watts, then wc would evidently have 
1 C Hann* Cinergy alisorhcd us we have by that indiicfion coil. So 
.at ido n<»i wa* the induction <‘oil in qycHfion docs anything 
.ore than to replace a lamp that is put info that circuit The 
ae is exactly analogouH to that ut nn i*!c<‘tnV motor Unit would 





be placed in circuit. The energy absorl)ed by an electric motor 
is the difference of potential into the cnn-ent. 


It is just exactly the same case in that induction coil. But in 
the case of the electric motor, as in the ca.se of tlie self-induction 
coil that energy can be divided into two ([uantities, one of which 
is the C® E, the other of which is the product of the current into 
the counter-electromotive force. Now at fii-.st you might think 
that in using a motor as a resi.stance, the counter-electromotive 
force of the motor would act, so to .s|>eak, statically, upon the 
total electromotive force and reduce the total expenditui-e of 
energy in the circuit; but as long as the current is not reduced it 
can be readily seen tliat there is no reduction of the enei-gy ex¬ 
pended, because you simj^ly liave a certain amount of work which 
is absorbed electrically, and which tliat motor doe,s (dtlier in use¬ 
less friction, or in useful work, in connection with a Prony l)rake 
or some other piece of machinery. Tlmrefore, in addition to 
0“ E representing the necos,sary los.s,—we hiivc another (juantity 
whicli is tlie product of the current into the (‘.ounter-tdectromotive 
force exerted by the secondary c.oil, whatever that may he. Now 
what 1 would like to know, it |)os.sible, is how that (%'in become 
dissipated. It certainly seem.s reasonable that if there is extra 
energy dissipated tliere tliat the coil ought to become a great deal 
warmer than if it were not doing any .such work. 

Mk. Wetzlbr.— It occurs to me tliat pierhaps tliis iilicno- 
menon might be due to an error, or a peculiarity, of the measur¬ 
ing instrument employed. Mr. Stanley .said that he employed 
a Cardew voltmeter. I would like, to know wlu'ther he ever ap¬ 
plied the electro-dynamometer for that purpose. 

IMk. SrANniiiY. llie eiectro-dynamonH‘ter is a very un fortu¬ 
nate instrument to use witli an alternating current, a.s its readimr 
is changed by asliglit fluctuation in tlie altcrna,lions, a’lie (Jardew 
voltmetei, wliich is dependent on the amount ol he.at jiroduced, 
is entirely independent of the alternations. Perluips 1 can explain’ 
that. The coil is acting exactly as a dynamo wmiild act in seines 
and it c.hokes down the current in ilirect proportion as the resist¬ 
ance in this part of the circuit is raised. The average electromo¬ 
tive ioiGc at the terminals of the coil, liowevcr, is greatiOr then 
would seem to be wfp-ranted by Ohm’s law. 

Me. IIowBnL.—Mr. Stanley said tliat inasmuch as the current 
was constant, as shown by the lamps; that is, the current in three 
lamps was the same as the current in four and that the electromo- 
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tive force acting on the circuit was also constant, that t in* ciHU*gy 
was constant in tlie circuit. I would infer then that T /i i> tin* 
measure of energy in the alternating cairrent. Is that a t‘«>rr<‘ct 
conclusion ? 

Mr. Stanley. —No, sir; tliat was a slip of the tongue pn-haps 
on my part; but it is a, most nnreliahle <piantity. The einu’gv td 
three is the same as tlie energy on the thns^ lani|>s hrffjna ! 
think in reality there is very little wa,stt‘ of tmerg\. Hut then* 
is an apparent amoiuit of energy wasted then,* (hat is i' /duf 
the coil. This is apparently as mmdi as t he emu’gy exptmded on 
the lamp. 

Mr. IIowinvL.—I tliink that that diagram is a very gtHni illus 
tration of the fact tliat O K is net: a mea’^nre the (‘nergv in an 
alternating (drcnit, hccaiise yen hav(* only a vahn* for i' there, 
and the value of the energy in that (*irenit would In* (' /[ 2oo, Xuw 
that is the sum of the enc^rgies in tlins* latn|)s and tin* eoih an<i in 
each lamp it would he f/X 50, aiul in tin* other it would lie 
X 100; so that the sum of thestr (‘iu*rgii*s is not the sarue a. the 
sum of tlie wh(>l(M*ircuit eoiiii>ut<‘<l the otln*!* wav, whieh rdiow> 
that 0 'E\b not the measun^ of tlm energy in tin* <*ireint. 

I would lik(^ Mr. StaitUw to tiemonstrate why the (’urn*iit in 
the secondary increases, or why an inennist* of tmrrent in the se 
condary increases tlu^ curn^nt in tlu* |)rinuuw. 

M:r. STANLKy.“l think that it is vi*ry i*asy to undiu'.’^fand froru 
the diagram, Fig. 7, of th(M*ountero‘le<*tri*niotive bio*!*, pooidlmr 
no cxirrcuit is iliiwing throi tin? coil. Tin* siSMUidan <h eiro 
motive force? will of itself induce anotlnu* elf/etroniofisbu'ee 
and so wo might go on indu<*ing forever elcs't romoli w* forer. Wh' 
cannot mcr(?ly transform em*rgy ont*e; we (*an transform it a {(imo 
sand times. Now tin? secondary etiretromolivi* biree will «hw*'!»»p 
acou'ntcr-cIt‘.<*fronnitivt? forct? on the |>rimury circuit, and that u ill 
be still ()ne-(piart(‘r <>r a periotl later. Nidita* that I ha\t* drawn 
these curvcjsdin‘<*tly op|)osit<L It c\a,t*tly op|>oses the priinar\ ok’*' 
tromotivc force at the same instant of tinna Now, whnj tit- 
ciu’rent is ahstra(*i<‘d Ironi tin? <?oil, this is no longer thr po-iiiun 
of the secondary (?I<‘<?tromotive force; it is shifted tan 
quently, the counterH‘h?(?tromotive force no ltuigt*r i^ppun^s the 
primary electromotiv<? for(‘(? at the inaximpm timo of the pri 
inary electromotive for(?t*, and ci>nHi?<pnmlly its valui* us a (aninlor 
or opposmg E. M. F. is very mimh icHseiHHl You tnivi» ii.UM 
me 'a difficult question. 
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Mr. Wheeler: —While of course Mr. Staiiley’sexplariatioii is 
exactly correct, I think that Mr. Howeirs (juestion could be ans¬ 
wered in popular language by saying that the drawiiig of current 
from the secondary coil reacts on tlie electi’ornoti ve force. In 
other words, drawing off a current froin tlie secoinlary coil cuts 
down tlie magnetism and makes it harder for tlie ])rimary circuit 
to magnetize the iron of the converter. 

I would like to return to the tliree lauijis and the induction 
coil, because I wish to ask this question :—M r. Stanley stated, (see 
Fig. 9) that if this was connected into a circuit of t\vo Imndred 
volts, d would measure one hundred volts and tliat the lamps^y; y, 
and A, would each measure 50 volts, making a total of 250. Now 
I would like to ask Mr. Stanley what h(‘ would get if* he ineasured 
the potential between the conductor and the right-hand terminal 
of the lamp Z>. 

Mr. Stanley :—I never liave tried it. 

Mr. WiiEELrniI think that would be an interesting thing 
to find out, because there are 50 extra volts to be cornered some¬ 
where, and I would like to know just wheic they ai’o to lie found. 

Mr. Mailloux : — I have been in the habit of reasoning in re¬ 
lation to secondary currents liy analogy to the electric motor, 
and I consider it a perfectly logical and apiilicalile metliod. In 
this case, as is well known, the electrical energy ap])lied is the 
sum of two quantities, one of wliicli is tlie famihar 0^ or en- 
ergy expended in heating the niobir, and the other {e 0), the en- 
available for conversion or the jiroduct jof tlie ciiimter- 
electromotive force into the current. I will adopt tlie direct 
current system of reasoning because it is one wliich we all un¬ 
derstand. 

If, as Mr. Stanley says, there is but little dilfercnce in tlie 
amount of eneigy when the induction coil replacuid the lam|), 
then it is evident that some of the energy niust have gone senne- 
where. 

The energy absorbed in the four lamps (Fig. 9) is evidently 
the square of the current tliat is passirig through them, into the 
resistance, or(^7^ R) ^ r. To pass 

this current througli the lamps a certain diircrenee of potentials 
is necessary at their J^erminals ; that is to say at tlie leads (+ -). 
In the continuous current system, we could tliereforo express in 
another way the energy absorbed in the lamps, and I have no 
doubt we could do so in an alteimating system, if we can get the 
mean E. M. F. as is done with the Gardew voltmeter. We would 
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then have for tJic tins euer^-v% the pnidart nl tiio 

difference of potentials, into the current, {(' /f); (/onse((ncMt ly we 
can say : 

7? 4 0^ r r /i 

' fMc.h .^ 4.I ^ ) 

4 f h. 

Now, when \ve ciit <)ff (>ne laiup, aiid put ;i ('oil in it> w<‘ 

still have the same potential dilfermici* at tin' t(‘rniinai>, tliat is 
evident. Since the other three lamps I’eniain oi the saim* inae'ht 
ness, th(3y eac'li have the sa.me enere'V (tS ) lo tlnae as la* 

fore. ()l)servation showed inorciover, that tin' potent lal difhvrmier 
of each lamp remained as hi'ton^ {^'); Inmcr, tliceiirront i 
must be the same. (\)ns( 3 <juently tin' (merey smit info thi^ liratteli 
luiist be the same as hefori', a.nd tlu^ ('mn-nw ndv(m lo thrcoi! must 
also be the saane as tha.t taken np by (he lamp it rejdaee<l ; 

•I (’- r 4 r‘* e r * /• 
or to express it more' eoiiva'iiicmtly, 

I rS' rd r,, 

the latter term heini>‘ the sann' as tin' (‘in*rn'y n:ivon lo nm* htm|». 

In the (*-as(‘of tin' himp all <d’ this ('noriry was alc-fwhrd in 
heatiiifj;’resistaiH'e, blit with a self-indm'tion coil (his oaimoi hr 
so, for the resistanct' is very small. Wr must (In'relorra de 
conipc^)^^^^^^ int<^ two otln'r pnanlilies, V\'r now 

have a counter M M. to deal with, prodm*rd by iln- t-lf 
induction coil, just as in an clmdric motor, and whi(‘h 1 may »■% 
press by the saino synd)ol (e). Ijikinii; r’ to indicate' t in* mueii 
smaller resistam^e of the coil, we have 

Tins is tlie energy givc^n to tlu'eoil and as w<‘ sr(% tmly a part 
of it /) has the ti'rm resistama* (/’') in its «'Xpn'ssion nnd this 
portion (iisainx^ars -as lu'iit- in tln^ coil itstdf. 77h o//o 
(s 0) ilof rr,\d,sf(t/irf’ ami ////// tltn's 

as hrat la tlir roll. It ri*pr<*scnts energy a\aila!de lV»r 
eonversievn, jiist (vxa(*.tly as it <lo(?s in tins east' f»f a eontinmm. 
current inotor. This er!’ati<3 mmrgy (y (7 ) is tlie vm-y mn-mv 
which loan i ted t(> sell (I Mr. Btanley looking for. If is rxifh-ut 
that it inust have l>een taken Uj) by or restored to theeireuii. ft 
occurred to me that it may have gone in mum' (jf tin* otht'r bran 
dies. There are a lot of those lamps (‘.onuected togothrr. As 1 
understand Mi*. Btanley to say j; tins is a luult.ii'dc-an* etmueenon, 

Mb. Stant.ky:- .--All in series—every one of tlieifi. 








Me. Mailloux: —It would not muke auv (lifha-eiice for we 
have in both eases a certain time in whieli ther(‘ is no current in 
the circuit, during which our induction (/oil will b(‘ cliarged. I 
am satisfied that the product (s 0), must go soincwluvre and it is 
going to do work either by lieating the ('oil or \virt% or else it is 
going to do work by producing E. M. F* in tin* (dnant. Now 
the electromotive force whicli is due to tins prodiud, (which* I 
designate by e, as being a part of the tnuu’gy that is l)tnng taken 
up by the coil), or in other words the c<>iintt‘r-i‘h‘<*tr<>nH>tiv(‘ force- 
may act by producing energy at a tinn^ wdien tlua-t* is no current, 
for, as we know, the wave of current in this hraiK^h would neces¬ 
sarily lag behind that in tlie otliers. (■ons(‘qiH*ntl\% ther(‘ would 
be a time when the original impulses |>assing flu’nugh tin* (*ircuit 
would reach zero, while this liad not nuiclHsi zi‘rn. I w<mhllikGto 
ask Mr. Stanley whether those iin pulses whi(*h Wiuild he i)ro(iuced 

there, and having this reaction and this rntardafion.-would not 

produce an impulse of their own through tin* (hi*(‘uit, which 
would account for the energy that must he (lissipatisl sornewliere 
or other. 

Me. Stanley: —I do not know when* it g()es. 1 prtjsmne 
the lag certainly does throw l)ack the (de(*tromot ivi' force to the 
rest of the cirenit. It does not throw it out into th<‘ air. Yon 
wind a wire aroimd a piece of iron, sulnnit it loan alternating 
current; for all values below saturation it has this ('ounterniec- 
tromotive force. 1 hat (xuiiitor-eha'tninu^tiv^^ loroed<M‘s not waste 
any energy in overcoming it. It simply reduces the amount of 
potential which, is absolutely appliinh to (I- hut whcm the core 
is saturated in the coil, tla-n tin* coil a<*ts llkv a, straight 
line. A very pretty illustmtion of tin* way flic iamn(*(*tion 
of the Graulard and (xibbs a|>|>aratus in seriiss they ('omuM't 
converters in series and hitch tinan to dynamo in whi<*h a 
definite cpiantity of current was always tiuansl through tin*, [pri¬ 
mary circuit. That amount of (uirrent was <*nougli to nearly 
saturate the cores of the coils in order to ohiain solf-ngnlatiiUL 
But if, through any misadventure tlm ehn^tromotive fona*. raised 
a small percentage, the coils no longtvr ojTposiMl any (*otmt(ir- 
electromotive force and the eurrent would follow through the 
coils at a most terrible rate, destroying tlm dynamo and pnxhunng 
all kinds of troubles. In this coil in the serii‘s arrang(‘d luu-e it 
seems to me that this coil merely reduces the <*.h*cfronn)tiv(‘y force 
and does not waste any energy as it simply passes the (‘hetromo- 
tive force that the dyna^ho a|ipli6s, 
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Mr. Mairlolix :—I do not think tliat it <^an 1><^ eoJisifleri‘d as 
actini^ merely to rcduee. It is quite (certain to my mind that it 
must act as a S|)ring’ wouhl when you conqrress it and u'lum vmii 
release it, as you <lo at every alUn-natiou. Idiat sprinu’ must rt*» 
turn eiier<>;y somevvhei-e. A ])a,rt of that eiuu’i'y is drn^to frietion 
of the nioleeules in h(‘atin<>\ hut there is also a part whit'h is avail 
able for work and that ])art must eithm* r(‘turu tmcrru'y into tiie 
circuit or else it must g ‘0 out into th(‘ aJr. 1 (*aimot tor a monuiit 
entertain the idea that thc^ induction <‘oil in that place would 
simply act to rediu'c electromotive fonaa and I think if auyl>ody 
stops to study tlie subject they will arrives at th(‘sanuMamcIusiou. 
I do not think it ca,n he deiuonstratcal either matia/malically oriti 
any other way that tlu^ induetion coil acts in that manner. 

Mr. Wurklivic -“VVe WiU‘e told a. litth* whih' aii:'o t hat theia* uns 
no loss from retai’dation of imluetion with an alternat iiilc curnml, 
I would like t() }isk Mr. Sta,nl(‘y what tins diUVreiua* is hcfwtaaj 
sending an a.lterna,ting (uirrcmt oven- an i‘le(*tri(* light wire or 
an ocean (aihha 

Mr. Stanley:- I am not very familiar with ocean raldcs. 
But I presiiUK3 the (‘haractor the cuirreth (*xplains the wludc 
difference, ddui (*.ha.ra.ctei‘ of the cuinamt hears a. very im|>orfaitl 
relation to themusista,net; whicdi it i>ossCvSS{‘s. If y<ai have two 
circuits, ocean taihle for om; and ordinary overliead win* for 
anottier, the saaiu; nund)(;r (>f alt(u*u;ttituis will not do fur «*ucli; 
because, a,s you might say, the magn(;ti(‘ lag of tin* or can caldc is 
very much grt^atca- tluin it is from a short (;h‘ctri(» liglit win*. If 
■you apply a, pr(>pt;r altt;riiatiou t<) a,u oc(*au <*;d>lt% ! sh«ajld err 
tainly ex])ect t<> tiiitl no rt^nl loss in transmitting if. If, ou thi* 
otiier bantl, y()inipply it to a,n ovtu‘du‘H(i einuiit, in ahi'inauiiuj:^ 
so rapitl that the; turcuit ennnot rt‘ciuvt‘ it witlmiil iiupoding fhr 
on-coiniiig impulses, you taiunot transmit the iiiternatiug (‘urronf 
over the; over"hea,d tartaiit without a loss. 

1)e. Vandek. Wevoe:- .(-oidd you charge; a lawdmi jar with art 

alternating (*urr(uit 

Mr. Stanley -.No, sir; 1 do not thhik so. 

Mr. WETZLrri::~It ttceurs to me to hring forward tin* poim^ 
namely : What wt^ an* meastiriiig when wt* apply ait in, trumcnf 
to an alternating <*.urr<mt. circuit? Thisemrve Mgun* rt'pro 
sents the rist; a,nd faJl of potential, Wt* an* mca.uriuu under 
ordinary ciretimstances, 1 should say tlie disfjmet* c Mu\ it 
not be [)ossihh,; thaf iiiider certain <mu(litii,tnH, we may la* moa -ur 
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ing, say, the difEerence between y and y ’; tins is a greater differ¬ 
ence of potential, indicated as the electroniotivt' force between the 
terminals of the alternating curi-ent eirciiit, (]e])t>nding on the 



conditions mider which the instruinent is aiii)li(‘(i, or the onnini- 
zation of the circuits themselves. 

Me. Prescott: —As it is a well known fact (bat alternating 
currents do not follow Ohm’s law, and nobody knows what law 
they do follow, why might we not expect the fact that the one 
hundred may be dealing with entirely diirerent units than the 
other fifty—we do not know anything about it in fiict. 

riiic PEEsmENT:—1 presume that there is no further discussion; 
and X tliink that 1 may safely say that of all <ljs<*ussions we have 
had before the Institute, wo have; had none moixs vidnable, none 
more suggestive; and 1 think we shall all appreciate tlu; fact that 
it has been of material service to us to luive been able to be here 
this evening and take part in the discussion, <u' list.eti to what has 
been said. 

1 would like to announce that our next meeting will l)e held 
on December 30th, a special meeting, wlum ji, [»aper will be read 
by Mir. Arthur Steuart, the legal counsel of the Electric Light 
Association, on l-ieforms in the Patent Law. 1 may say that this 
matter ol patent reform is one in which it is advisaltle not to 
move hastily, and it is a (piestion that ought to receive, tlu! largest 
ventilation possible. In that view it is extremely <lesirabi<i that 
the attendance should be jis large as possible on the. evening in 
question. 

On motion the meeting ad journed. 






DISOmSION. 


m 


The following letter, supplementing tlie foregoing disoussiofi, 
lias been received from Mr. Rice. 

Lynn, Mass., I)e(*. 7th, fssT. 

T. 0. Martin, Preset. 

, Peak Sir:—I regret greatly tliat it was nec(‘ssarv ior nn* lo 
leave before the interesting discussion on the siihj(‘('t ot a!ferii:il ing 
currents was concluded, as I was obliged to take the train tor 
Lynn. 

I was anxious to state in answer to Mr. Staidt'v that I had no 
desire to disparage the work of Mr. ShalkadK^rgia*, as 1 Ian t* tin* 
highest regard for his genius as an inrentor and fo!- his iddlit v as 
an electrician. 

The point which I desired to em])hasize was that ihad*. Tlimn 
son was the first person, to proporthnnite a, c<dl s<> as to art as a 
substitute for a lamp, and also the first to puhlisii the sanaa in 
the patent referred to. It is true that; in Mr. Hludhadferger's 
arrangement the lamp is sluintcd around tin* react ive enil. w hih* 
Prof. Thomson shows the reactive c(ul (h/signed to Ik* .switrlted 
in place of the lamp, this latter method Ixdng pn‘ferahle on th** 
ground of economy, as wlien tlie lamp is shunted around the e*»il 
a certain percentage of tlie energy is wasbal Iw the eoil. 

I was astonished to hear M r. Stanhw maki* tin* stateniejit rhaf 
the energy used was the same in the two (*ases of four lanip‘,.i| 
50 volts each placed in series aen'iss alternating mains, with adif 
ference of potential of 200 volts, and that of a ri*:ietive eoil suh 
stituted for one of the lainps. It may la* int{‘resling to nemfiMt! 
an experiment which Prof. Thomson nuuh* in my prexmer :..>^i’r;d 
years ago, and which, demonstrates very heautiftdlv (he |;n-f that 
a reactive coil can he substitubal in placid of a. lamp u ifh hui utv 


X 



Fig. 21. 

little absorption of energy. A constant (mrrent wa- re\or od io 

direction by meaiiH of a conmnitator thn.uul. tli.- nrimaiH 
of an induction eoil, and tlie secondary <nrcnit ..f t!,r Vnii h,, 
used to supply about 8i,\: incandescent lamps, Fiif •'! [b-dj.i-rU 
proportioned reactive coils were arranged tu fn* t..’, 
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the lamps. It was found that by shunting the terminals of the 
primary circuit hy means of a volt-meter placed beyond the com¬ 
mutator that the potential was greater when the lamps were in 
action than when the reactive coil substitutes were put in place 
of the lamps. As the current was constant, about 10 amperes, 
this demonstrated that the coils were absorbing but little energy. 
It was found that as the coils were substituted in jdaee of tlie 
lamps that the brilliancy of the remaining lamps did not change. 
This was true even after live of the lamps had l)een replaced by 
reactive coils, the remaining lamp having the same brilliancy as 
before. 

The same fact is also demonstrated by another experiment 
which was tried about the same time, (Fig. 23.) In tliis case a 



Fig. 22. 

motor generator, so-called, was used, ac.tuated by a continuous 
constant current from an are light line, tlie generating portion 
producing alternating currents. Lamps were shunted across tlie 
terminals'"of the alternating current generator and the potential 
existing between the motor terminals noted when the generator 
was loaded with about 10 Iami>s. Reactive <;oil Hul)stitutes were 
now put in place of the 10 lamps, and it was found ne.ccssary to 
shunt the motor field by a resistance in order to rcidiKai the po¬ 
tential between the motor armature terminals, otliei'wise its spcicd 
would rapidly increase as the reactive coils wen; substituted in 
place of the lamps. Tliis indicated that less ehictric, energy was 
required by the motor when reactive coil substitute's were used 
in place of lamps. 

ft was found that, as in the preceding case, tluf brilliancy of 
one lamp when running in connection with ninii reactive' coil 
substitutes was the same as when running with the otlier nine 
lamps. 

Yours very tnily, 

E. W. Riok, ,Ik. 







AMERICAN INSTITUTE OF ELECTIOCA i- 
ENOINEERS. 


Yol. y. jN^ewYork, Fehnuiry, isss. 


Xm. 


Sl^EOIAL MKK'riN<J. 


Field at tlie IIoUKse of the Aineriean Soeicfv n{ Civil iMSirin 
eers, 121 East 23 k 1 Street, New York, I)c<*(‘inlH‘r 2 o, In^T. 

Tlie aiieeting was called to ordco* at. s oldoc'k, 11 M., hy ffio 
President, Mr. T. 0 . Martin. 

The Pi^iESiDENT: — I am very ^ktd I hat, in spilt* <*f ihtMatVi 
mency of tlie weather, we havc^ so la.r<;'(‘ an aHontlanut* liii nm 
ing of tliose wlio are genuiiK*!}' inter(‘sj('d in (Ins pur-fiioi » : 
patent reform. Thesiibject ()f the* rt'visitm of I ho paOmf iaw \ii!i 
be brought before ns this evening by Mr. .\rlhur Sioiiarf, u hn 1 
the general legal counsel of tln^ National El(*otrio Ughi A “oiM 
tion. The subject is one, I may say, that bos wo! I within tho 
province and jurisdiction of tlu^ Amm’iean Instltnto tO' !'!!ot‘friouf 
Engineers. Tlie subject has Ixam brought lH‘foro u- ttji wiihoi 
occasions; and it is sttmewhat interesting lt> r(*oall llu* t'aof. limt if 
our very lirst meeting held in this room for purpoo*.' of »»?*;,fanioo 
tion, now close upon four years ago, almost tho lira tpio titoj th. f 
was introduced to our notice, was that of Patent lIobuMu, w iio i 
Mr. C. J. Kintner, of the ihitimt Ollict*, proravrOod a sptriiod ;i| »pi d 
to us for aid in bringing about lauiain roform> wiuoh ho ijirir 
deemed necessary. Sima*, that tinu* wi* have haul valuabli' roid 
forcible papers preseiibMl ])efor(‘ tin* hislitufo by Mr. tVant Im,*., i 
Jannus and by Mj*. A. (A Powder, both <»f wluun brou; hi om 
ably the necessities of tlie situatioii a,t tin* time. It w ill floi 
seen tliat tlie Institute is well pr(*pared to <*oirddt‘r the miiifso in 
all its bearings and relations, and is r(*ady to asoorluin frmu Mr 
Steuart just wdiat work tbe Nathmal El(*(*irit* Lieln A MoAfM ii 
now proposes to do, with, regard to this bill to bo infdn,■,,] P, 
fore Congress. I may say lie re that I luivo mysF*lf had Hu-np 
portimity of attending all the nuadbigs of tin* Xaliruud Idrotru 
Light Association, at which this (jnestion bao boon bi’ougiu inr 
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ward, and I tliink I may take the ]il)erty of that that 

society does not intend to act with any undue haste or ])re(M])i- 
tancy in the matter, bnt is like!}", in fact is sure, to nio\'e witli its 
accustomed practicability and business-like common sense. Om* 
position to-night is one in wliich we may )>i‘ ai)Ie to do great good 
in the direction of showing how far tliis mo\*em(‘nt is cjdculated 
to receive the support and sympathy of stacmtitie and l)r<)fessi()nal 
circles, especially those that are connected with (diMdrical interests. 
I have mucli pleasure, therefore, in asking Mr. Arthui- Steuart to 
read us his paper on Revision of tlie Ihitent Law'. 


EEVISION OF THE VATKNT LA\\\ 


BY AKTHIJU STl^:UAin\ 


I come before you tliis evening at tlu^ inviialion oi your 
Secretary, for the purpose of telling yen of the (*lTert that 
is being made by the National Eie<*tri<* Light Assecaalieii, t<» 
secure some reforms in the Patent hiws of this eeiintrv and 
attempting to get you to^ join hands with ns in <‘arrving thenf* 
reforms into effect. I particuhirly desire t hat th(‘ suggv.-f ions f 
shall make may be fully (]iscusse<l by thos(^ present, fur I to 

gain many valualde suggestions from yon. her the pnrpoM\ 
therefore, of presenting what 1 hav(‘ to say in tin* .'danio^t {»•»> 
sible time, so as to leave as inueh as |)ossibl{‘ for other gimfhainvn. 
I have condensed my suggestions and shall stab* them w it It vory 
little argument; first, for lack of time, a,nd s(‘eondly, that 1 think 
most of the reforins suggested are so appar(ait that thoy vvil! call 
forth little opposition. Put l)efore in'tx'eeding to di>eiiN^ flie do 
tails of the law that require changi^s and additions, 1 oannoi re 
frain from making a few remarks upon tin* patent ?ystem in 
general and its infiiienee u[)on tln^ industi*ial develupinent of uur 
country. Who can measure the benefits that tliis land ha- derivod 
from the iiiventions that have l)een pi'odmaal by its eitizen?-. 11h* 
roll of honor is too long to l)e repealed. Tin* cotton gin, 
printing press, the reaper, the ap{)lieation (d‘ sb*am to all ilie ir o. 
of civilization, and latest l)ut not least, the nnidern appliealion af 
electricity in its inultitudiin)tis forms; hut wlrile tlit*>e hrilliant 
achievements occupy our attention, we must not (werltHh. rho 
thousands upon tliousarids of invcmtions relating to mat tors of th* 
tail in every industry that have cheajxmed the produet Iw .:i\ in.* 
time, material, ])ower or labor, ddu^ fa(*t is apjaironl that o!ir 
advancement as a inaiiufacd^^^^ nation has laam due to iln* intr.i 
ductioii of new methods of work whic'h have (*md>led in- to pro 
duce staples at such a price as to compete with mitioiis in 
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the ijiarkets of the world, or in the development of new devices 
whieli have supplanted old ones or created a inarlcet for tliem- 
selves. This being true, we must look for a cause for tliis devel¬ 
opment. What has induced the people of this country to create 
so many new things, to labor so long and arduously to lessen tlie 
cost of production of some article, or to supply a new one to take 
its place which is better or cheaper ? 

I think we may state it as a proposition that will not meet witli 
denial, that the prevailing motive of the American people is a 
motive of pecuniary gain, a desire to amass wealth, to attain 
power by means of money, and whatever avenue offers tliem tliis 
reward will be the one into wliicli they will ])ress with a vigor 
and determination that knows no sucli thing as ffiilure. 

When the framers of our Constitution inserted into it the clause 
which provides that ^^longress shall have ])o\vm‘ to |)romote tlie 
progress of science and the useful arts, l)y seem ring for limited 
times to - inventors the exclusive right to their dis(^ov“ 

eries/’ they laid a foundation stone u|M>n whi(di an (alifice lias 
l)een constructed, that has far surpassed anything they had (ion- 
ceived. Upon this provision of the Constitution is our Itatent Law 
based 5 froin it, it takes its sjurit;; and with tin* vir‘w of aidliering 
more closely to tliis spirit, liave the anunidimnts to thv, I^atent 
Law been suggested, to wliich I slndl ask your attmition this 
evening. 

The patent laws of tlie irnited States, pa,ssiMl in [uirsvniuce of 
this provision of the Constitution, open up Ix^fore i;very (citizen of 
this country, as well as liefore those ot many othivrs, <)pp()rtunities 
of obtaining wealth and power tlmt are not iin^sential liy any 
other set of circumstances undm- the sun. In a. singles moment <>f 
time, by a (puck operation of thc^ mind, the poor me(La.nic may 
be put into possession of an idea that, by its own dev(‘hi|)ment, may 
place him among the princes of tlie land. Idiis is tli(‘ possiliility 
that presents itself to every man, rii'h or |)oor,, high or low, wlio 
conies to understand the nu^aning of oui* pa,tint system and its re¬ 
sults. ^\^liat force can be coinpareil with this, In produi'e in tlie 
minds of men, thought, deep, concentrattMl ami ( (mtinnous, for 
the piodnetion of inventions, a thirst tor knowledge, and a friigal- 
ity of lile that will supply a siir))lus ot tund.s for th(‘, ae<|TnBiti()n 
of knowledge and tlie development ot inventions, and an aiiibition 
for^tlieir children tliat they shall liave greater a,dvantages of edu¬ 
cation upon wliieli to work than their parents. Arid who can 
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estimate tlie value to a state of such iuhuenee upon its citizens. 
This training, foreign manufacturers testify, proilnccs in Amen- 
can operatives a power of comprehending their wm-k, and a 

rapidity and dexterity of workmanship, tliat nud<cs it iinpnsdl>lc 

for them, with labor at one-half the cost and their factories tilt.'d 
with the latest American machines, to ])reduee Mu' same g.M.ds as 
cheaply as they can be produced in this comiti^v. 

It therefore goes without saying, that witli such iiicstiinai)lc 
good to the nation, hotli in iruproving its induslriihs and its pctt|>h\ 
to be attained by stinmlatinginvent(>rs to tluur liiglu‘st ctb ul, l liuf 
the only true course for thelaw-uiakers to j)ursu(‘ in 1 raining !cgri'’'la 
tionrelative to this subject, is to endeavor to innk<‘ tin* procc» .0* <.!> 
taining a patent upon an invention as (|ni(‘k, caisy and inr^: jicndx c 
as possible, aiidafter itisgranted to throw aroiuul it, in the hand,- 
of its owner, every form of proteertion known to the law, that u d! 
enable him to realize tlie full intent of tlui (haistitntiun and t*njo\ 
the exclusive riglit to make, use and vauid the iin cniion. 

Our patent system, as it exists to-day, is a grand struef ure, Inil 
it has some defects, which are due princi|)a!ly to tin* fad, that fla* 
demands made upon it by the development of our indust ries luive 
far exceeded anything that the framers of tlu‘ pn^stmi law emi 
templated. 

The Patent Law of to-day is substantially idi^ntic’al with thi* law 
passed by Congress in 183f). This law was reviseil in I sTth and 
codified in 1874; but few changeH were mafl<^ in it, and liflh% if 
any, provision was made, to acconinuHlate tin* iminenH’ 
business that has been cast upon the Ihitent Otfiee; and .snuu* 
the new features that were introduced hav(^ lanm fuuiu! in unrk a 
hardship upon inventors rather than a lienefit ; so that praefi 
cally we are working under a law fonnuluttsl lifiy year-i 
when the work of tlie Patent Ofliee for the whole year wuh 
thing less than it is to-day for each weidv. Is it MirpriHing, iberr 
fore, that the child should have outgrown his idol lies f And thin 
is practically jiist what has taken plae(‘. A eomnii»i«uMT and a 
half-dozen examiners wer(M|iiihmvq the tusk nf e^iutiining 
intelligently four hundred and fifty patimts a yi*ar; hni ihr pa.Hr 
is a-very difterent one, when tlie Commissimuu* lins tindi/r him 
something like two hundred exanum‘rs, and wlum tlm mmuui 
issue of the office is something over 25,11011 pnlenis, - • 

If tirne permitted, I ciuih^^ how uttmdy if 

is, for the work of the Patent Office to he aciamijilished, with luiv 
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(ie,:^ree of satisfaction to tlie public, under tbe prevailing organi¬ 
zation ; but I kno^v that most of you are quite as well aware as I 
am, of the defects that exist and are quite as much interested in 
removing them. I shall pass at once to the consideration of the 
measures of reform that seem desirable in the Patent Office. 

I. THE PATENT OFFICE SHOULD HAVE THE EXCLUSIVE USE OF ITS 

BUILDINO. 

All those who have had any experience with the internal opera¬ 
tions of the Patent Office are aware of the fact that this office is 
greatly cramped for space. The examiners are often crowded 
into rooms that are so small that there is scarcely space enough 
between the desks to move about. Many of the officers and em¬ 
ployees are compelled to work in quarters that are unfit for human 
habitation; simply because there is no other place to put them; 
and the documents and records of the office are so crowded, and 
the places in wffiich they are kept are so unfit for their accomoda¬ 
tion that they are in constant danger of destruction. The Patent 
Office building was constructed with money, eveiy dollar of which 
was paid to the Government by patentees and applicants for pat¬ 
ents, and yet the Patent Office is crowded into less than half of 
this building. The Interior Department, with its Land Office and 
Indian Department, occupy the balance and are constantly en¬ 
croaching. 

The Interior Department should have separate quarters and the 
Patent Office should have the whole of the building which will 
not more than accommodate it. 

II. THE PATENT OFFICE SHOULD HAVE THE WHOLE OF ITS OWN 

INCOME. 

For the past fifty years, the Patent Office has paid all of its own 
expenses, has built its own building, and in addition to this, has 
paid the Government an annual revenue, which aggregates to¬ 
day, without interest, something over three millions of dollars. 
And yet the most difficult task that the Gommissioners of Patents 
have had to perfoim, has been to induce Congress to authorize 
the expenditure of a part. of this revenue for the necessary ex¬ 
penses of the Patent Office. For the proper dispatch of the wmrk 
of the Patent Office, considerable additional force is necessary. 
The Commissioner of Patents should be authorized to expend the 
whole of the income of the office for its own expenses, and what 
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was not spent sliotild be set aside as a fund to be used for tlie be¬ 
nefit of tlie office at any time that it is needed. 

III. EXAMINEES. 

Tlie staff of examiners in tlie Patent Office have charge of 
public interests of a most vital nature. They are tlie virtual 
judges of wlietlier an inventor shall have a patent for his inven¬ 
tion at all, and also of what kind of a patent he shall have in case 
they give liim any. 

It is tlierefore apparent tliat in order tliat they may perforin 
their duties witli intelligence and efficiency they must fulfil 
several conditions. 

1st. They must be thorouglily educated in the teclinology of 
tlie arts and sciences, and in tlie Patent Law. Experience has 
shown that this training can only lie acquired in one or two 
^ays,—eitlier by systematic teaching or by years of experience in 
the practical work of tlie Patent Office; tlie latter method is 
the one now in operation and it results in creating a class of Ex¬ 
aminers who are undergoing the process of education at the ex¬ 
pense of tlie unfortunate inventor whose case may fall into tlieir 
hands. The inventors of tlie country have a riglit to demand 
that tins system of education of examiners at tlieir expense be 
discontinued and a system adopted that will secure to tlie Patent 
Office a corps of examiners wlio will lie tlioroughly trained be¬ 
fore tliey enter tlie office, and to tlie inventor tlie examination of 
his case by a man fully equipped to make sucli examination in 
the best manner. 

2nd. Having obtained a staff of competent and thorouglily 
equippied exarniuers, they must be retained in office, so that the 
pulilic may liave the benefit of tlieir services throiigh a number 
of years. The Army and Navy have long since solved this pro- 
lilein by the exercise of a system of education, conqiensation, |)ro- 
motion and retirement on pay, which fully secures these ends. 
Why should not that system, so successful in one liranch of tlie 
Government sei’vice, lie established- to secure similar and equally 
necessary results in the Patent Office ? 

3rd. Tlie examiners sliould be relieved from all political in¬ 
fluence. Civil service reform lias atta(jked the question of 
political interference with Patent Office appointnients witli little 
success. The evils from this cause now existing are great and 
call loudly for remedy. The Army and Navy system put those 
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departments of the public service almost entirely beyond the reach 
of tlie politicians. Thus it should be with the Patent Office. 

IV. SALAET OF COMMISSIONEE OF PATENTS. 

The salary of the Commissioner of Patents should be very 
high, so that every examiner may feel that if he is faithful and 
does his duty, he may some day, in the natural order of promo¬ 
tion. reach a place of honor and large emoluments. This is the 
system of the Amiy and Ufavy, and in those departments it works 
admirably. 

T. A PATENT COtJET SHOULD BE ESTABLISHED. 

The greatest evil that exists to-day in the administration of the 
patent system, lies in the lack of harmony between the Patent 
tdffice and the Courts of the TJnited States, in which infringement 
cases are determined. Every practitioner before the Patent Office 
knows how little regard is paid by the Examiners to the decisions of 
the courts upon questions of Patent Law, and it has long since be¬ 
come a thing of the past, when the courts give any weight to the 
presumption of patentability, that would naturally arise from the 
fact of the Commissioner of Patents having granted a patent 
upon a device. For the accomplishment of the best results with 
our patent system, the interpretations and application of the law 
under which patents are granted should be the same as that under 
which rights growing out of patents are determined. So that a 
right granted by the Patent Office, would be sustained by the 
Courts, and the ruHngs of the courts would be in conformity with 
the spirit of the Constitution which has originated the whole 
system. 

Under the existing system the examiners in the Patent Office 
interpret the Patent Law for themselves; and it has been my ex¬ 
perience that few^ of them agree upon many points. The practi¬ 
cal questions, which have to be passed upon by the examiners, 
seldom, if ever, get before the Circuit Courts, but are decided by 
the Commissioners of Patents, who it is well known, seldom 
posbCbs any knowledge of Patent Law when they enter upon the 
1 uties of the office, and seldom occupy the position long enough, 
to be ot any practical service to the office after they have learned 
sometlung of the law by experience. The result is, that a maior- 
1 y 0 the eases passed upon by the commissioners and which 
are intended for the guidance of the examiners, are decided at a 
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time when the particular Commissioner is almost entirely ignorant 
of both the law and the practice of the office. It is, therefore, 
only to be expected that the examiners should form their own 
notions of the law and pay little regard to either Conrt or Com¬ 
missioner, and as the examiners are not lawyers and have no 
knowledge of the Patent Law, except such as they may gain from 
the conflicting decisions of. the ever changing commissioners; 
and as they have had no judicial training, it follows as a matter of 
course that each primary examiner has his own interj)retation of 
the law and Ids own peculiar notions of how it should l)e applied 
to the practical (piestions tliat arise in his daily work. The result 
is that we have as many different patent offices as we have divi¬ 
sions, and scarcely any two of them with tlie same views of the 
law, but each having the power, and exercising it, of issuing ])a- 
tents according to his own individual notion of what the patent 
should contain and how it sliould be framed, and these patents 
thus issued are the title papers upon which the inventors of the 
country are compelled to base their claim, when tliey come into 
the courts for the purpose of protecting tlieir property. Is tliere 
any wonder that it is difficult to obtain a patent of any value, or 
to sustain and protect it after it is proem red ? It seems, there¬ 
fore, to be eminently desirable that the same tribunal (winch shall 
be so framed as to insure its capacity) should have appellate juris¬ 
diction from both the Patent Office and the Circuit CourtB, so 
that by vesting both jurisdictions in one competent court, the 
rulings of both branches, tlie Patent Office and the Circuit Courts, 
may be made uniform and the anomaly removed tliat now exists 
of one branch of the Government employed in granting |)atents, 
and another, in destroying them; it maybe said that such a Court 
exists at this time, but we all knowhow far removed the Supr(‘me 
Court of the United States is from tlie Patent Offi(‘.c and how 
little inflnence it has upon its practice; beside wbicli, tln.^ (‘xisting 
evils have grown up under the present system whicli <l(nnonstrat(‘H 
its incapacity to remedy them. A strong, well sele(*t(^d Coui*t of 
expert patent lawyers would have many advantage's. It would 
liarmonize the Patent Otlice and tlie Circuit Courts. It would 
crystallize tlie practice of the Patent Office, so tliat it would Ik^ 
possible for attorneys to form some conception of what that. pra<'- 
tiee is and be able to advise tlieir clients with safety with 
reference to their riglits. The inventor could hive some ho])e 
that when lie had complied with his part of tlie government com 
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tract, by disclosing his secret, he would be protected in the exclu¬ 
sive right to use it. Such a court would lift a great burden from 
the shoulders of the Supreme Court, as but a small proportion of 
cases decided by it would be appealed to that court, and its rul¬ 
ings being binding upon the circuit courts would enormously 
simplify the practice in those courts. 

The jurisdiction of such a court should be altogether appellate 
and should consist in appeals from the Board of Examiners-in- 
Chief upon question of anticipation, patentability and practice, 
from the Examiners of Interference, upon questions of priority 
between aj^plicants for patent upon the same invention, and of 
appeals from the circuit courts of the United States upon all 
questions relating to patents that now go to the Su|)reme Court. 
It would be proper also to include, within the jurisdiction of 
this court, all questions now passed upon by the Commissioner 
of Patents, such as trade-marks and labels; copy-rights might 
also be included. With such a court the duties of the Commis¬ 
sioner of Patents should be purely executive and the jurisdic¬ 
tion of the Supreme Court of the District of Columbia in 
matters of appeal from the Commissioner, sliould be cut off. 
The Supreme Court of the District, should bear the same re¬ 
lation to this court as the circuit courts. 

Passing from the question of the reorganization of the Patent 
Office to specific amendments to the law, the first question that 
presents itself is the question of limitation to actions. 

VI. LIMITATIONS. 

It is pretty well settled by the courts that, since the adoption 
of the Eevised Statutes 1874, there has been no limitation to the 
right of an owner of a patent to bring suit against an infringer 
for the recovery of damages for such infringement. Prior to 
that time, the only limitation that existed was six years after the 
expiration of the patent—and this seems to be the just rule— 
many rules for limitation have been suggested, but it seems to 
me, in view of the fact which all of us have experienced, that the 
last few years of a patent are often the only ones during which 
the inventor realizes anything from his invention, that to cut him 
off from the recovery of damages from infringers, who may have 
pirated his invention during a period when lie was too poor to 
stop them, would be unjust in the extreme. 
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VII. DAMAaES. 

The existing equity rules, for tlie recovery of profits and 
damages for the infringement of a patent, are in very satisfac'tory 
shape; hut since the decision of the Supreme Court in lioot 
The Railroad Conipany, these rules do not apply to ac'tions 
brought for the recovery of damages after tlie expiration of the 
patent. Such suits must be brought at law, by an action of 
trespass on the ease, and the measure of damages under that form 
of action are much less liberal than tlie rule in equity. In an 
action of trespass on the case, the measure of damages is the 
actual loss to the plaintiff and not the gain to the defenda-nt; while 
in equity the rule allows the recovery of either, loss to the i)Iaim 
tiff or the gain of the infringer, whichever may l)e the gr(‘al er, 
and often the difference is very great. If it is just and i-ight 
that the owner of a patent should have all the btmefits that may 
or can be derived from the use of his invention, and this is the 
theory of the law, and in one form of action before the ex])irar 
tion of his patent is allowed to recover thi‘se bemdits, in the 
absence of a statute of limitations, why, in justice shovdd he l)e 
deprived of this l)enefit simply by tlie expiration of his jiattuit ? 
It would seem as if this evil sliould lie remedieil by legislaf iom 
It miglit be done by giving a plaintiff a standing in efuiity, under 
a bill for an account and discovery indepemhmt of an injun<*tion; 
or if the patentee were permitted to liring an a<*tion of assumpsit, 
for recoveiy of the benefit that the infriiiger had derived by tln^ 
use of his invention, this inight be almost as well; but ibis would 
require tlie interposition, of a jury, and in <a)mplic;d(*d patent 
cases it is difficult to aecomplisb satisfactoiy results Nvit h a .jury. 
It is almost iinpossible to make a jury uinlerstaud nuMdumioal 
technicalities, or for the attorneys to <lo justice to t he <*ast* upon 
oral testimony. 

"We have at this time a case in [loint which ilhistrat(‘S this rule. 
For seven years the owriers of certain patmits luiva^ biMui in <*on-. 
stant litigation, seeking to Bust^^^^^^ them. We. ha.v(^ rocamtly 
ceecled in getting a decree in their favor, and a. month btdore this 
decree was rendered the patents expiixai. Tht* jaittmts hav<i 
been extensively infringed and cover important in vent ions. 
We have now no remedy save to sue at law l>y an axdion of tia\s- 
pass on the case. As a matter of fact the own<,irs of tlu^ patmds 
have never established a license fee for their use, but if tiny had, 
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as they might have done, it would not probably, have been more 
than $10, for each machine, hence this snm in onr action at law 
would have been the limit of our possible recovery; notwith¬ 
standing the fact that the infringer by the use of each machine 
has saved to himself no less than $500. Why should the rule of 
law in a case like this be different from that, in a case where a 
man without my knowledge or against my will carries off my 
horse and uses him for his own benefit for a certain period, after 
which I recover him. In such a case, I bring a suit and the Jury 
estimate the benefit that the wrong doer has derived from the use 
of my horse and award me this amount as damages for liis wrong¬ 
ful act. Would it be right that this wrong doer should have the 
power of escaping habihty, by answering when the jury found 
that he had made $100 by the use of my horse, that I could not 
in the same time have made but $10 with him ? Would not this 
be putting a premium upon the wrongful act ? 

The question is stiU an open one, whether in those states where 
the common law forms of action have been abolished, an action 
could be maintained at law for the infringement of a patent the 
substantial result of which would be the same as the common law 
action of assumpsit, although the statute prescribes an action 
of trespass on the case as the proper action. 

Vin. REISSUES. 

Since the decisions of the Supreme Court in Miller m. The 
Eridgeport Brass Company and the line of cases that have confirmed 
this doctrine, it may be said that a reissue in the sense in which that 
term was formerly applied, is no longer possible. The un¬ 
fortunate inventor who has employed in his ignorance, an incom¬ 
petent solicitor to procure his patent, or who yields to the 
unnecessary limitations of the office, and whose patent issues to 
him covering haff of his invention, or possibly contains a dis- 
claimer disclaiming the other half, can be said to-day to have no 
remedy for his nnsfortune; and if two years have elapsed since 
he procured his patent, or some enterprising manufacturer ex¬ 
amines his j)atent, and finding that he has not covered the second 
half of his invention, proceeds to make and sell that half, he is 
for ever barred from going back and claiming it. Some change 
in the law should surely be made, to enable an innocent and 
meritorious inventor to secure the full benefit of his invention, if 
this can be done without destroying vested property rights^ in 
individuals. 
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Under the present law, wlien a patent is surrendered in order 
to obtain a reissue, all accrued causes of action for past infrini>*e- 
ment upon tlie original patent go witli it, and no action can l)e 
brouglit for an infringenient conimitted prior to the date of tlie 
reissue. There does not appear to be any good reason for tlie 
existence of tliis rule. 

At present an application for a reissue must be signed and 
sworn to by the inventor. This mile puts it into tlie power of a 
dishonest person to extract money f rom the owner of tlie patent 
by refusing to sign tlie reissue * papers. The owner of a patent 
should have the power to deal with liis property as he ch<)<)ses, 
and as he is considered, wlien he purchased the patent, to ha.\'e 
purchased all that could have lieeii covered by the inventoi-’s 
original application, if the ])atent does not do this, he slioiild 
have the power to reissvie his patent upon his own jadition, a-M<l 
an oath that he is the sole ownei*, if tlun’e lie sevtn’al, that they 
own tlie whole title. 

IX, UIOCMAL or PATKNTS. 

The statutes of the Uin’t(‘d States contains no provision wlnidi 
will permit a patent, svi|)pos(Ml to laive beivn obtaiiuul by fraud or 
mistake, to lie sot aside, nor for aaiy a<d;ion by the Unitial States 
against the owner of such a patent to prove the fra,ud and hao’e 
the ])atent declared void. The statute should (aintain such a. 
provision. 

X. EQUITY imoorEOINCJS FOR SLANDER 'PO CA'l'EN'r. 

Neither statute nor ])recedent in tins (aiuntry anthoriz(‘s an 
equity proceeding for a,n jujuiudiou to restrain the (amtinuaime 
of slander against a machine or a |)a,t(mt, by one who falsely 
charges that the machine or thv. patent is an infringement of 
another patxmt owned liy him, and threatens suit for such in¬ 
fringement, Imt negleets to bring such suit, and who thus ( 5 ore 
tmucs to distnrh the business of the party shunlme<i, wilhont 
attein])ting to (^xiunite his tlireats or to vindicate his(flaim. Smdi 
an injury (aiimot adcupiately he. remediial by an axdlon at law for 
damages; what is wanted is an injunction from a. (^<mrt of h]<piity 
to sto|) the tongue of the slanderer at once a,ml foiT‘ver. 

XL LU'ENHES. 

Licenses should l)e reconled and subject to the sunu^ rukss as 
mortgages of land, the license first recorded slundd take, pn,'- 
cedence. , , ■ 
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XII. JOINT OWNERS. 

The mutual rights of joint owners of a patent are in a \'ery un¬ 
settled state in the present condition of the law, and it would, 1 
think, be much safer to say that joint owners are entirely independ¬ 
ent of one another, although there are some cases to the contrary, 
than to venture any statement, with reference to what tliose nru- 
tual rights may be. 

It would seem that no good reason could l)e advanced wlij^ 
joint owners of a patent sliould not bear the same relation to one 
another as joint owners of any other property. If two [persons 
own a house jointly, but in definite proportions, and one of those 
persons rents the house and receives tlie rent for it, the otluu* can 
of course receive his share of the rent eitlier from tlie pcirson or 
from the property. The absence of well settled rules upon this 
subject makes it very desirable that they should l)e established t)y 
statute. 

XIII. United States i^atent limitei> nv foi^ekjn ivA/i'EN'r. 

United States patents should not be limited to ex]>ire with the 
shortest lived foreign patent upon the same invention For tlie 
simple reason that the American inventor who gives his invention 
as a free gift to the foreigner, gets a patent here for seventeen 
years, while he who seeks to protect himself al)roa<l may limit 
his United States patent by several years. 

XIV. assignments. 

Assignments of patents should stand upon the same footing as 
conveyances of land, the assignment first recorded should luke 
precedence. 

XV. EXP35NSE OF LITIGATION. 

Expense of the trial of patent cases might 1 x 3 lessmicxl if the 
Court was authorized, in inipaTinelling a jury as pro\'id(xl by the 
act of 1815, to impaimel a jury of five ex])erts in the subject 
matter of the case, pay tliem a suitalile jier diem, let them hear 
the testimony, and advise tlie Court. 

XVI. INTERNATIONAL CON V ENI'K IN. 

The United States, by its adherence to tlie Internationa,! (Jon- 
vention, pledged itself to adopt legislation as soon as possible' i;o 
harmonize the existing law of this country with the international 
law.^ The practical result that AmericaiiB need in r(*latiou i;o 
foreign patents is a period of say six montlis, after they liave 
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secured an allowance of tlieir United States patout, to inak(‘ tludr 
applications abroad without affecting the term of their 
States patent. 

I have tliiis rapidly touched upon the poiiits in. our Ihitent La\\ 
that need revision, without attempting to formulate specotic* addi¬ 
tions to the statutes. This, I think, can only l)e (lom‘ ellVadually 
by a conimissioii of expert lawyers, siudi a,s is cont(anplat(*<l I)V 
the bill that we propose to introduce into (dongress. In or<lm* to 
secure the passage of that bill, we wvill need the aid ot (‘vtow man 
who is interested in tins subject exerted to the fullest mxtmd, w<‘ 
would most earnestly urge the i,inportauee of this (dloi*t in its 
possible effects upon the country, and solicit your assistama* in 
making it successful. 


mSOlTSSlON- 

The PiiESiDENT :—Mr. KSteuart's weighty paper is now before 
us for discussion. Ori such an ()ccasi()n as this, wlum we havt' ^o 
many views to be represented, we shall l)e vaay glad to havi^ the 
participation in the discussi()!v of genthunen who an* interested, 
but wlio may not l)c members of tlu‘ Institute, and lad’ore we 
proceed, I tliiuk I express the general wish when 1 <'all upon Mr. 
George Ticknor Oiirtis to o|)(m tlie dis(*nssion for lis. Mr. r'lirfis 
is known to allot us as a foremost student and (‘Xpoiauit of patent 
law in this country, and it wn>uld b(‘ of tlH‘ gn^att^st plejisnre to n- 
all to learn, from him what his vi(‘ws an/ of the subjeot in nonorai. 
and wliat are the specific ])oints to whi<di he (amsidors it Ih'.sI bn* 
us to direct our attentiou in siudviiig a,ny n/form of the 
Mr. Curtis, we sliouhl be very hap|)y indeed if you uoithi 
favor us. 

Mr. ( JuRTis: —Mr. Chairman, 1 lia,V(‘ listoued witli tbo gnaateq 
interest to the very al)le and c<>m|)rehensivr‘ paper whioh ha.- Immoj 
read. It is a subject that has occupied my tlKUiglifs and csiaiioiiN 
for a good rnaiiy y(3ars. A year ag<), last win tor, I (*au-od to h*- 
introduced into tlie ilouse of liir|)reseritaf ives tt bill w UwU I drou 
for the appointment of a comniissiou havittg tlie samo gomeral 
object and purpose as the liill wbieb you cmitemjdaf e. Tbo espo 
cial feature was a little dilferent. 1 dui it on my own ia>pi>!i>i 
bility, but 1 did not do it without consulting otla/rs. 1 (Mmsidted 
the Commissioner of Patents. I consulttal one nr fwo of iUv 
Judges of the Supreme C()urt of tlie Unitetl Btatim and other 
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persons. The bill was referred to the House (■()inrnittee, and 
they gave a hearing on it to me, and. other gentlenien. I'lie Com-, 
niissioner of Patents attended, and he nrgt‘d mor*e (‘specially in 
regard to his own department the importaiu'C of the hill, and had 
a great deal to say, especially on the subject of tlu^ estahlishmeut 
within the Patent Office, of a special tribunal, su(-li as has l)een 
sketched in the paper that has been read this evening. ''Fhe bill 
met with great favor witli tlie House Committee, and they un- 
animonsly ajDproved it, after making some modifications in a few 
of its details. They changed some of the provisions in res|)ect 
to the compensation of tlie Coimnissiomu's a.ml i>ro\'ide(l a suit¬ 
able compensation for a secretary, and tluy niad(‘ a distinct a[‘- 
propriation, I think, of the sum of forty thousand dollars to cover 
the entire expense. The bid was reportod t<> tlu* Iioust‘, l)ut it 
was overslaughed with thousands of otiuu* hills that ne^vm' passed 
that Congress. I happened that winter to hav(‘ a good imury 
eases before the.Committee, as counscd or assocviate counst*!, and I 
became very intimately acquainted with tin- dilfm-mit mmnhers of 
the Committee from different parts of t]n‘ <*onnt i-y, and I a\i\ <*on- 
vinced that if this association, and tln^ othnr hotly that has b(‘en 
referred to, which I cannot describe hy its pi'optu-tith\ shall tak(‘ 
up this subject and resolutely carry it htddrt* ('ongrt/ss in the 
mode in Avhich you contemplate, tliat you tain get tin* l)il! |>assed. 
That bill which I liad some instrumentality in prt^paj-itig IVdl to 
the ground, of course, with tlie expiration of that (Vmgrt^ss. I 
had a conversation witli Senator Platt, of Comnat icut, wlio isthcs 
chairman of the Senate Committee on Patents, and In^ raised 
this objection, that however good a code <»r bill might lay 
prepared by such a coinmission, that when it eame to 1 m^ en¬ 
acted, it would be loaded down witli aniendimmts that, would 
kill it. T\^ell, iny answei* to that was, tliat u'oidd diqiend 
on the ability of the Coinniissiomu's to makr^ a ('fuisistcmt a-nd 
harmoiiioiis code, and one tliat would address itself on its 
own merits to the general lcgislativ<‘ mind, and that it. would 
also depend upon the ability of the (donmiission to ex|dain 
the changes which they coiiteniplated, or the iin|)r<>v(*ni(‘nts 
which tliey coiitemplated, in a report to aceom|>anv the 
bill; and I thought tliat if that could In* done a majorit^‘ of bolh 
houses would see the wisdom of passing it as it was pr(*s(mti*d 
by the Commission, and not undertake to am(*ml iU but hd. 
it go into operation and be amended as tlu* progress of firm* 
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should show amendmeiits to be necessary. This matter was 
never before the Senate Committee. This was simply an in¬ 
formal and private conversation whicli I liad witli t!ie Chairman. 
Now, sir, it would take me half the nii^lit to touch all the points, 
or half of them, on which it seems to me the time has come for 
this kind of action. My situation and occupation of late years 
have led me to bestow a great deal of attention to the course of 
the Supreme Court in the administration of tlie Patent Lsiw. Un- 
fortunately—I do not know bow it has come about exactly,—but 
the present court has gone to very great lengths in overturning all 
the great doctrines of the Patent Law that were settled forty 
years ago, when I first liegan to practice—and that is more than 
forty years ago. There have been decisions, which of course 
must stand as the law, until Congress shall intcnfere and declare 
the law otherwise. Well, that is one great part of the task 
which sucli a Commission would have to |)erform. fdiey would 
have to examine all these cases and see whether tluiy an>, or a,re not 
consistent with the fundamental princi|)les of the la,w as it has 
been construed heretofore. The statute law is snbstantia.lly the 
same to-day as it was, when enacted in There has not 

been any very material change. But there is a, very great de¬ 
parture in tlie doctrines that are held inrw by tla; judges of the 
Supreme Court, from what seemed to me to he the sound 
and true doctrines of the law, and 1 hope you gentlemen will go 
aliead and get your bill ])fiKscd, and then se<‘ure as suital)le a <‘om- 
mission as yon can. I have a copy of the l)ill of flu* last sesHii>n, 
which I will hand to the President.* I sn])pos(‘. that your bill. 


*In thk House oe Rei'resentative.s, Maki’U 24, 1H84. Mr. CKiom- 

LEAF introduced the followinji;: bill: 

To provide for the revision, improvement, and amendment of the liiws ridatiiiK 
to patents for useful inveuttions. 

Be it enacted t{V the Senate and J/anse af Bepresentotnu'x oj the t 'nited 
States of America in Cone^ress assemtded^ 1 ‘hat tlie Presi<leut is luu’pby re¬ 
quested and authori;^ed to’ appoint three comnnssiorters, one of whom at hsast 
shall be a per.son learned in the law of patents for useful inventions, ami a 
practitioner of ten years standhif^ in the courts of the United States, whose 
duty it shall be to examine, revise, and report upon the laws of the United States 
relating to patents for useful inventions, the remedies for infringements of 
such patents, and the internal administration of the l^atent (>iliee, ami to re» 
port such amendments of the system as they may deem exjuslicnt, in a single 
code or in draughts of separate laws. 

Sec, 2. That the said commissioners shall make their report within six 
days of the first day of the next session of Congress after Ih<‘p:issage thi^ act. 

Sec. 3. That the said commissioners shall each receive a compensation 
of five thousand dollars for their services, and an allowauee of eight dol¬ 
lars per day for their necessary traveling expenses when actually engaged 
in the business of the commission away from their respective resitlenees, 'Phey 
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ticiilar poiiit, any particailai* e 
Patent Law more than orlua-s. 
of ground, s|)e(*ifies a great 
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Law, I <*aii only say, p*n(a‘ally, that whih* 1 think sonu* 
aMKaHlniants a.rt‘ very desirahha it is viaw (haihiful, iii'st, whether 
siieh ainetuhnents as an* <h*siral>l(‘, mu In* ohtairual at the hamls 
of <^onacress; aiuh sei'utah wh(*ther any att(‘nipt to nniioally 
aineial our lhit<*nt laws would not n‘sult in tlu* passap* of laws 
ealeidated to injure th(‘ inten*sts of invauitors and the puldie. ! 
say this, la'eaiisi* my ohservalion h*a<ls nu* to iH'lievt* that pnd)- 
aJ)ly two-thirds of the nu‘mh(‘rs of <'uuo;n*ss aia* more or’ less 
pn*judie(‘d ai»*ainst pat(‘nts and au’aiust eertain desirahh* foatnres 
of tlu^ pat(‘nt syst(*im arul during’ ail my experiemas in tin* Senafo, 
it has ht‘t‘n my ellort to pr(*\ent ’ou.t»a'ess from pa>siiu.r la'i.\> 
wiiieh would la* disaMixuis. Xu !n;m ean predi(*t the MUtcami'^ of 
an elfort to aiiH*nd the Pat(‘nt Law, hmay re>ult in u h.n wo 
<ieem tiu* advantaai* of the puhlie. it is qniti* as likeU f‘» n* ult 
injuriously to the puhlit*. I hav(‘ heen ma<h* to feel vor\ manv 
times that pi‘rhaps it was l)<‘tter to h(*ar the ills wt* ha\e ihan I’o 
tly to oth(‘rs we know not of. In saying this, 1 do mu imam to 
imply that I atn not in favor of anH*mhnents, Imt simph’ to 
indi<*a.tr‘ the dan^^’er that always ('onfronts us when we atteinjh to 
legislate* with n*f<*r(*n(*e‘ to pate*ids. 

\h*ry truly youiss 
tSigned.) ). il, Ih v rr.'' 

We* fiavi* a n‘|)rese‘ntative* (d’ (’onnese*!lent with us in person 
this evesning. I n‘fe*r te) Mr. Al!H*rf IL Walker, anri hi> viewv 
on this snhj(‘<‘t weudd ht* likesly to inte*re*sf ns very greatly. 

Mii. WLvtJvKK*: Mr. (’luuriiian riinl ge‘idle*nn*it I Imvo li-*'t»aied 
with gn‘at pleiisun*, as we* all have*, to Inin wlnun we* ro^ard U'* 
the* futh<*r of us all; s|H*aking of oiirst*l\es ns jademd lau \» r :, or 
as intf‘n'sfed in the* e!e*\ e*lopine*nt of tin* nse*ful arts. 'Tho pam 
phle*t that f se‘e* in the liamis <d smne* id you,, ami wlde'h, 1 r«up 
pe»sea has lM*e*u rend hy most ed’yoiu <*onlaius an artieh* h\ mwolf, 
wldeh se*ts forth the* primupal part ed* my virn^'s lonehiinx fin* 
eie*sinduiity etf n^visinir the Patmd law.;-. If will ihorefon* leU hr 
evxpeH*fe*d tliat I will <‘lalHU’ale* my eepinion,;-- upon that oihjetu *m 
this oemsion : hut I shall he ghui, with vour leermi'-ion, to rei;d>e‘ 
some* e)hse‘rvations loindiing the* e*xpi»elie*m*y ed’ pfe'-'dimf ^'«»nure“^ 
to take* the* propcood s{e‘p fowaial re*vising fheeos lau ^ I eh> m»l 
agren* in the* slighfiNl with Senafeer Platt. My experiema^ in 
the* a,ttempts that hao* h**e*n mmle f*e sea'ure* from I'onere- tin* 
r<‘visiem ed (he Patrid laws, elate’s haek ton |>i‘riod <'on-iflemhl\ 
e*a,riie‘r than that of Stmal»ir Platt, ami with all dehmorn'r to 1dm, 

1 think il has !H*e‘n more* e*xiensive that.i Ids h-jo Lmu feeoiiime 
eluring his eH*{*upane*y <d’ a seat in the Senaft*, no sueh elhul of 
any ele‘gre*e‘ed* se‘riemsm*ss hm e*ver lieeii miMle*. Pen U’lnv ago 
tins eelehiiite*el hill, Lum, wan hefore* idingresS" aruh 
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])ass(s a |>arli<nilnr (^aj^a-ess ass<‘tnl»l(\s aiui Ih^’* 

giriH business, bt'lore tluit (\)n^'n‘ss ajlj()urus, is less than iourbavn 
nientlis; and that (iiin^ is too short in \vhi(*h to scaaire the |>assag'e 
of our lull or ot any bill tor the appointnu/nt <»f a (‘oinniission, 
and for that eonunission to pass throUi>'h its (lelilnu-atioiis and 
produei* its report and to have < ^onitress inb'lliaauitlv net uptui 
the bill \vhi<*h may la* reeonnn(‘nd(*<l b\‘ that ('onunission. In 
[Hjint (d lai't, those ibrta* thing's n(‘\'iM* \s'ill la^dom* inanv om'C'oir 
^•ress. 'riHU*(‘for(* tin* obvituis plan is to ask one (*rum‘ross tu eitarl 
a, bill j)rovidini;’ fora eornmission, and the sm‘<a‘odinn‘ (’oim:n‘ss !«» 
pa^ss upon tin* legislation that may be prop(»si*d l>v that eoninds 
sion 5 ajid that is tlu^ selH‘ine ol tin* bill u‘hi(*h appears iii \'oin‘ 
pamphlets as having be(*n advocated by the Natiiuia! KleHrin 
Li^ht- Assocdalion. 1 hat I>ill is pro|>os(‘d to bo intr«Nlueotl into 
tile i><>tb tk>ngrt*ss, and tin* n‘port of tin* eommission is pnipost*<l 
to b(!! subiHit/t(*(l to tin* oIst t <ui^'ress, s<> that no tune inor(* 
oj)|)ortuin* tlian tin* present will <‘V(*r <M*(*ur for iis to move in 
tins matt(*r. Senator i latt has suy^ni’csted tho inexp<*dieno\‘ of a 
eommission, holding: it more expodii*nt to apply to C’oim:roNsio 
pass partieidar legislation on tin* subje<M. I'bat plan is far moro 
likely to <lo barm than to d<> pH>d, beeauso >U(‘b a parli(*ulur bilb 
t<Mmn*nd tin* Patent laiw in a parii<*ular way, i.s the vor\ sort <if 
a bill tluit will be loaded down with ann^ndments. If will eoine 
before (dn^ress with no responsible autborsbip bank of it, ft 
wdl be im ainmymons bill. It will ri*st under ibe siispieioii of 
Iiavin]y;‘l)e(‘n * 4 ’otti‘n up by nnm with private interest^ servt*. 
It will Ih* pn‘s(*nt(*<i to the munmitt(*es in t diiirross, and tin* (*<un 
inittees in ( dn<;'ross will mt tnnlerstaml the snbjet*t, and ihov 
will tliink tiny can im|>rove file bill, and tliey will lakt* a ssluwk 
at. it, and put on a patch here ami (*uf tuif a pifna* theri*; and tin 
ally, wln*n that hill is pr(*sentt*d to ('iui^risss, it will roMunbh* 
nothinjLi: Pn* heav(‘ns aliovia or in tin* earth beneath, or in tin* 

wat(*rs nmh*r the (‘urtli. Ami after it has been aiiii'iidiai bv the 
individual niemb(*rs, it will lanir a still less resemiduma* fo anv of 
tin* works of natun* or of trm* art ; wliert*a> a bill presmifod U\ 
a. r<‘sponsible, authoritative, respi*(*talde fauumission ill bavo 
W(*io'ltl, It will rrnn*dy ^rii*vaimes wbieb are jiisth eomjdaiiied 
ot by (hose who are somewhat |U*r*jmiiei*d amiinsf tin* Pafeni 
Hyst(*m, as w<*ll as remedy evils under wiiieli lln*se labor u In* 
n‘pn*s(*nt tin* intenssts ol onr inventors, lliose bills that Iia\o 
Jhh*!! intro<lueed tor tbe j.nirpose of striking n blow at. the Pateni 
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system during the past five, six or eiglit years, have all heeii nf 
one character. I have closely Avatched them, d'hev are hills 
which provide that no suit for infringeiiKmt shall he sustained 
against anybody for merely using a patented article, which ht^ 
purchased without actual knowledge that it w:is covered hv a 
patent. Those terrible grangers from tlu^ West, who are repre¬ 
sented as being willing to come down on the I’atent svsteni tin? 
moment they are let loose, like the angel of death, ha ve never made 


any attempts more extreme than that; and they liaxc nanle (heii- 
attempts a little more extreme than they would have made tlnau, 
if they were instructed on the .subject a, little hettei-. Ihit flaw had' 
a real grievance on that point, and memliers (d' <'.mgivss'ha v(> 
thoiight they were serving their constitiient.s splendidir hv inlm 
ducing bills providing that nobody .shall ho held liable Id’r the use of 


paiemeuarticle tiiat lie pnrelaised tor hniisidf witin.iit kiiowledge 
that it was covered by a patent. Now, thos<> hills ha\’e been too 
^ broad and sweeping. They could not he .seientitii-ally inf rodneiMj 
into the Patent Law.s without working inhaianoniiuis results and 
those results were not fore.seen by the men who a.lvoeated f’hem 
JNow, I believe firmly, tliat if an intelligent canmission had this 
matter in hand, one of the thing.s that eommissiou would ,lo 
would be to draftameasnre upon that toiu’e, going as f.ar as the iust 

reqmrement.s of the grangeivs wouhl carry ..,' and not goiim a.s 

. ar as the representativo.s of the granger.s in ('ongres,s have .owie- 

and that those sections thus drafted ..Id meet' lhat gronn.i .d’ 

complaint, and would he seen to nnet that groutd’ ,,f 
plaint by the very men who have m.ade Ihe ..on,plaint. Now 
I Iiave heard a great deal oyer since I aitende.l before ('onimit' 
tees of C<mgres.s, ten years ago, about a givaf -leal of opposition 

Him opposition to the IkPont syst,.,,, is 

hko the fever and ague you had out We.sl h „,.A er in the 

particular toira you were in, but you ... find i( i,, the 

next town. mw,_it has happened to me t:o .Ira'w the plea.lin..' 
01 otherwu.se piu-ticipate ill patent litigation in every stale of tin’ 

Union, excopt live, and to argue ca.ses<,i-allv in ronrie.m ,d'the states 

When?rsVs''^lVr"^'^^^^ of people. 

di Ijcwij settled country, where the ipiiniiwi r, r i 

wlioopby„rWemtha.™,,„„oj, , . 

.naaufa..„s„, and I 
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v(3t met a solitary man in tjiy life who was oppostnl to the fumla 
mental [naneiplesof tins pahmt systtan - n ono imlividual. I have 
nu‘t all ('lasst‘s ami (‘onditions of nnm from Massac'hu.selts {(» ('ali 
foimia, ami I y<‘t haA’(‘ tose(‘ tin* jnlnlt V(M(‘r w ho is ojpMisod to fho 
iinderlyiii,e; l>rin(*i|>lesarnl i»’(aH*ral frame w'ork of (la* i^a(en^ laws. 
We IniN'e not Inal a solitaaw lim* of lo^’islalion, a’ood, had <n* in 
di(T(*r(‘n(, (>ii tin* snhje(*t <d* Patent laws, sln(*e isTh; and sinet* 
tlH*r(‘ has h(‘(*n no sei'ious a.lt(‘mpt to la'inody tia* oviI> nttdor 
wdiicdi tla* inv(*ntors (d’ i\nn‘ri(*a haxa* lahoivd. Hd;- is a u’foaf 
wrona:. ami (he rnitoel S(a((‘s Sonalors and (ho Mtanhors < f 
('onor(*ss lia.vto mm'li to aiiswor for. I so(‘ noddny (o fo::r 
wdiat(‘\a*r from tla* appoird tin'iil <d‘a oomnii.-^ion, Imt o\ ory!hin;r 
to hop(* from il ; ‘iial I firmly lH‘lie\‘o (hat If a otmiiid;"«,-i(*n wa:- 
a|)point*‘d, (he la*;al of which ndyi'ht ho my o»wn pri‘do{*OM-or as a 
w’rit(‘r of Pataml Law* to\i hooks, Mr. (hirtis if .•‘m*li a oommis 
sion wa*r(‘ a|>poinlod (o sit as judp‘s, to <|o jii riot* aororilina («> 
tlaar kiawvd(‘da;e of Patf-nt Laav, het w (*en dilforont olassos and oon 
ditions of na*n, hotwoen tht* invt'iitors and tin* usor^- ••f invonti«nis, * 
tla* n^|)ort of that eranmission would ho soon to ho omiia‘ntl\ 
fair, so (‘mln(‘ntly sound, that it woidd m* throimh lH»rh Ihnr os 
nf (\uiu,*rt*ss without sorious opposition, w ithout aiiy ajfranjU> at 
aanmalment that wandd la* moro harmftd than a tly tij»on tho inmk 
of a.n (*h*phaiit, amd wathout any ohanu'os vvhato\or. Whorou*, if 
we (amtinm* to (*oi!(ont oursolvos, or ondoM\or to otmfonf our 
s(*lv(‘s with tla* outgrown ololhos that wo ha\o triod to r»‘hr Miir 
selves in dnrin.L*' tho past f iff oon or twonty yoar>, wo will aiiiiildo 
a.lon^i»* a,ftor a fashion, and tla* world will ma oitlliilo with 
any otla*!’plan»‘L and in\t‘ntor;- will p*i sojuo osrf of roward t‘ r 
tla*ir invontions ; hut thoro will la* a eaasatdoal of irouhto. a i*:roa! 
d(*al of nnnooo.^sary loss, aial a o-n^at doal tliaf onalif tu ho 
avoidtah In tho. o day-, w hr*n tho arts aro lioiny; -o |»i*riVotod, it 
is dis^ra=r*eftd to the Lnilod Slatos that tho Puiont law'miri* not. 
also hoin^* porh*otod. V\diat would amyhody thiidi of f la* siio^'os^' 
tion to do a waiy wiflidyuamos In* roason of tlw* faol that thoy aro 
more dan^’enms tlnma Morse teietrraph soundor, In liko mannor, 
how (*an we tsHtimatr* our (anirau’e at a hi* 4 h rato whon wo aro at 
all rcsstrairuMl hy tho opiniou of Hmuitor l*Iaft, euvanyhody o!-o who 
o.nhu’taJns su<*h an opini<m, from rirun*^ what in us tios to hrin^: 
to tho attontion of tin* Amorii»au tkmjjress the evils uiidor wlnoh 
we and those* we* re*pre‘s«*nt have lemg lahoimh aiul ask ihitt thoM’ 
evils he^ renu*die*d. 
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Me. Oubtis:—M r. (’luiiriiiaii, 1 iiinv m_v fricii<l fnuu ( 'dh- 
neeticut a single instance, socii as he never inef with. A ^■,vai 
many years ago—before the war—there was a Senai.w in (',,ti 
giesSj f'loni Noitli ( auahiaa.. .Mr. l>a<Igei', I It* w.'is a v(‘r\ *‘iuinent 
la-wyer,—a general lawyer—and a most atlminible iier>on. I was 
conveivsing with him one day aix.nt a Itill that wa> liefMreCt.'m 
gress—I do not recollect whether it was a s|teeial bill ,,r what 
but it had relation to .some changes in the i'atent L.-iw. Weli he 
said, all I know about the Patent l.aw is this. S,,me infernal 
1 ankee come.s down to my country jind moiise.s .■iri.nml mv b.-iek 
yard and looks over this fence, ami he .sees st.mething in use there 
in my garden, and he call.s out to am ami ,say,s, “Stninn'er. 1 have 
got a patent on that; you will have to piiy me ten dollars for the 
privilege of lusing it.” That, he .sahl, is all I know about tin* 
Patent Law, ami all I want to know. M'ell, 1 said. Senator von 
are here to legislate for the people of the t’nit.*.! States* von ‘are 
jn the highe.st bmneh of the legislative .lepartment; now that is 
not wortliy of you or of the state that you represent. .N’mv, you 
just take this .subject and look into it and you will find that Ih'ere 
IS a great deal in it that you ought to know am! that voii omdil 
to be able to give an intelligent vote ui.om |I,, ,ii,i 
wa.s entirely convinced that he ought to know .somethin-more 
about tlm^^ iKidid. That is the only instanee'd’ the 

land that I have mot With. 

MB. PH,a...s:-Mr.(rhain 1 have a letter here from .Mr 

readir'l S ^ 

icaa it, 1 will have a word or two to sav. 

The Secretary then read the following letter: 

“Sdo P,roadway, Poonis -C and 27, 

“Mr. Georqk M. PnKi....s 

the discussion touching the ipielt oIi"'of ‘'"f "I* 

Laws on the 20th instant, and hi i! , T'”" '’f""' 

press my views in relation thereto f I ■ t l' {’''.T''' ■ 

1)0 ])<)ssil)lc for mo to Im xvlii I ' {!ia( if vvuuld 

oeea.sion, hut Imshiess^uigHgeiiienir 

the greater part of next we(‘k d’lds nritior'i '"r 

■terust to all inventors ami per,sous iiife • ! t * " 

^onie yearn i^i, I b,d tii, honor Id jrrZ' 
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i(-^ty to tlie wjuits of tli(‘ Pattoit <)Hi(*i> an<l thi‘ of uki- 

tona.1 chfi!ii»‘os in tlii‘ Pattnit laiw. I have noicMi with inM/n^st all 
that has luMai dont* hy tln^ Instifut(\ and am a'rafilital at tho fa<'t 
t’.ait th(MM)nniiitf(Mmi|)|M)int(M! hy it has sii(*<*oo(l(‘d in jaitlina mat” 
tars in a, tanaihh* shapo to o-o hofort‘ (’onanvss. Whihs tin* schoint* 
proposial l>y this (amimitha* is in my opinion {‘ntin‘iy pi-a(*ti('al>h\ 
1 ha.v(‘ somt* h(*sitan<*y as to tho f(*asihilil\‘ ol its prosonfati«Hii to 
(Congress at. this tinn% and am in hoarty acMsa-d witli tin* viows 
expressed hy yoii in yonr (slitorial in tin* Iliaa'iidHO’nnmhor of 
tin* luHffiirt /\ 

During my otlicial (*onn(*<'tion with tin* Pafont < )|li(*o as it> 
()hi(*f ( Hork, 1 vc*rv naturally laa'amo |yrot( v vvoll ^aa-Msd with tho 
}K>liti(*al phas<‘s of all mallors app(‘rtaining to tho <*on(luot «»f tin* 
lairixiu. It is m*(*dh‘ss tor mo to say h(*r(‘, that in mattor^ of [h» 
individuaJ p(*rs(mal inh‘n‘sts control individual momhors of 
dongnws, and that u|)on tin* ov<‘ of a gnait nati<»nal oha*tiom such 
as o(*,(Mu;s iwxt Nov{*mh(‘i\ wo <*annot atford U* run tho risk of los 
ing ovasrylhing in a. proposed <*hangt‘of existing laws. I.thoro 
haaa h(*g that you will prosont tin* folh^wing resolution !«> the 
HO(*icty iind urge* its passage: 

/i^wo/zvY/, That it is the setjse (d‘ tin* Institute*, that it is unwise 
at this tinn* to se*ek hy h‘gislation to in any wax modif\‘ the r*\is| 
ing Ihdont sys'c‘np and that aity inovenn*nt to that t‘inl should In* 
postjxaied until after Nhevemher 1st, isss, 

I am sure that this n*solulion will tuee*! with the full a|»|irova! 
of <*v<vry one who has tho good of tin* Patent system a! hi'art, 

V(*ry respoo.tfully your.N ( \ do KiNixen*/' 

Mm IhiKLos: Mr. (’hainnam 1 [>resent the letter at thi'- tinn*, 
heeause Mr. Kintner supplies a ri‘sohition ainl has re<jue>ted that it 
lx* of1er(‘d, and I otha* it and nnnn* its adojMion, in orrhu’to lia\ea 
morerhdinite thing helore us t<e dis<*uss. I have lisfened with t,rreat 
interi*st to Mr. (hirtis and to Mr. \Vnlki*i\ hut I am still of the 
opinion tliat it would la* nnwisi* to present fin* projiosod hill to 
(Vmgress. 1 tliiidv it is ^juite eleaiMliat the>re is no f!ith*ri*tna* of 
opinion ln‘n> as to tin* iin*ritof tin* |>rop(»sed changes theehanges 
Houglit to lyi* made in tin* patent systmn through the pn‘>entnti<»n 
of siieli a fyill. Put in r4*sp<‘ef to the iinfavtyrahlem*ss of tin* titne 
and the piihlit* hunpm* i llunk there is mneh ditferent*e <4* 
point. We had hetler <*dneatt‘ puhlio 
opinion turf her heiore attt*mj>ting t«> obtain loo'i.-.lat lun Mr 
'Walker has tirvfr tiici anvhiMiv U'lm was ti> [lati-nt 

1 liavc iiii't !i v'crv (•(iH'.iilcniliit* iitmthfi’ it!’ iHTMifis whti havf 
ii (lisiinct iijiiiiii.ii tinraviirahlis tu thi* I’ntini! l.aws niil'av.irahli' 
t.o If/ll/ Piihaii hin\’s. 1 have laaird a iiittuht*!* uC iiiti'ni.ri'iii 
[XTSOIIS SUV, (hat we Would hu liettfC (dl' if (hi* uiitirc s\-(riii 

wcav Hwopt Hwav; tliat if tin* iiiiprovuiiHuit »»f iiuK'him.n and 


160 


BEVISIOJ!^ OF THE PATENT LA. H: 


methods and processes was left entirely to llu^ (*oni|)(*tition of 
manufacturers, there would be suitu'ieiit in(*(‘nfi\'o to 
and improve the arts. 

Mb. Curtis:—H aven't they <j^ot to stnkt‘ out n part of fin* ( 
stitntion of the TTnited States in or(l(‘r to r(*aeh fliat ( 

Mr. Phelps:—I sidt tlie |>rovisioii that ( ///oy / 

OuRiis. 'ics, lnit it (ilwciys lius Ikh'ii (‘niisiiict’t'il nii iiii- 
perative duty. 


ivjji. X uKurs; 


-* K.,, ,, ..w IV u 1II v^.i.-vwnti I m [I (>1) j n il M IS II1 JIA‘ IM ' 

there are a eonsidenilile imndier <rf |)(‘(i|)lc who huhl I liom. i nioir 
tion tliat iiecause Mr. Walker .swmiis never to have met an indi 
vidua] pi that kind, and I hapjieii to liave met a mimher. 

Me. Ooims:— You may ])erhaps (ind a oreat many people that 
do not know there is such, a provision in the ('oiisiiiniidn. 

^Miv. Pheu’s. I rceisoly. inasinnch as tlie editorial in tin" 
£il(.'c 4 nccd Aiu/mee/' retorred to, I niai perhajis rejieal 

here some of the points therein ])resented. .\s to this point 
which is brought out liy Mr. (hirtis, that manv people do not 
know anything about the constitntionaJ |.rovision for a patent 
system, there is an immense amount of ignorant [ireindiee in tin* 
public mind. _ The subject is not well understood; and in view 
of that and of tlie eoustaut rectirrenee of these imsueeessful at 
tempts which Mir. Walker 1 ,as told as of, to interfere with t'he 
pitent Law, the indications are that if an opportnnitv be ollVred 
for renewing attacks .all along the line, it wmdd i-rohablv be 
availed of to a veuy co.ishhwal.l^^ audit is not at all un. 

likely that a very large number of members of <'om-ress would 
be very greatly i.rlhieueed by public, opinion hostile' io patents 

It wee,,nh]teelquitesurethatthec,unndssion would be he.'ded b'v 

■Mr. Guys, and eom|)osed of men like him a,ud .Mr. Sleiinrt we 
should have no hesitation as to part of the work. Tb<> 

hesitation comes in as to vvhat wruihl be done with it, .after llmv 

tarn any early Tl.c l.ille r,.r,„,„ I,,.,,, 

of the iiational polity have not alw.js far,.,I vorv iv,.|| „| ||„. 
hands <it Uiij-inse. ] d„ „ot p,,,,,. 

... 

IT”,.... 

Tnv Paainanv:-! wonM lihe to Mr. r, 












j)isausRiojv. 


m 

liis remarks with a few ef the ,statistics he iijis rt'ceiitly (•(mipiled 
witli r(‘i>'iiril til patents eoveriiii; electrical iin'ciitioiis. 

Mii. hi)Wi.i')k:—1 have uiHlerstnixl Irom t>'ii(i(l authiirii\' that 
three-fiiiirths III the iiiaiiiilaciiiriiiii,' iiiteri'sts nf this cimiitrv an* 
based (III jiateiits, and I think that in the electric art wc can safely 
say it. is nine-tiniths, hi'canse nearly e\’ery electrical ap|iliance is 
patented in ime way nr an nther. Tp tn date there have been 
:5'7ri,00(l patents and nearly 12,om' electrical patents, making une- 
thirtieth of the entire nnmber of patents fi-ranted by the I'nited 
Sta.tes (‘lectrical. Most uf Ihesi* eleitrical patents have been 
granted within the last ten nr twelve years. 'I'liere are almnt 
25,(111(1 a.pplicatinns patented evmw year nearly that nnniber 
and abniit fl(),tH)(l liled. In the electric art there are abmit 
4,()(l(t ajiplicatinns a. year, nr abnni seventy live per week. 
avera.ging' abniit a dn/,en a. day. I think this will .shnw tlm im 
piirtance. (if this snbject in electrical men. 'I'liai is the reaMin I 
mentinn it tn-riight. it wnnld be safe tn say that almn,~i Itt.nitii 
of the I 2,(ltl(l elect I'icaI patents t hat liavi* biaai granteil tndate liiu i- 
been granted within the last ten nr twidve years, averaging nearly 
a thnnsa.nd ehatrical patents Inr eaidi year during tin* last ten 
years. Ixdnia* faking my siait I sbnuld like tnsa\' .''unn'thing npnn 
the papier that has been read this evening. I siuml here as a 
representative 1 dn iint kimw lint what tla- gentlemen ma\ cidl 
it the Patent ()tiice mill lint I bavi* been (lirniigb it ami I 
ha.ve been in the electrical part nf it. The gentleman, 1 think, 
has drnpped inin an ermr abniit the I’atent < tfliee paving all its 
e.xpien.scs sinci-it has been nrganized. In a paper which ! had 
the pih'iisiire nf reading befnre ynn a year nr sn agn, | meitiiniieii 
that an Assistant ( 'nmmis.sinia'r iiad Innked iiji tbi pnini. In 
years gime by, the printing that was dniie fnr the Patent (tliice 
was dniic by an apprnpriaf inn nf t’nngrcss and imf nnl nf ibt* 
i atiint* ()lli(‘(* tinid. Ibs'cntly tin* (‘.xpcn.se.s nt all printing bavc 
been d(‘(inctcd fmm flic Patent (Hlicc fund. Tliis Asm’. taut 
('(immi.ssiniicr ten years agn, I think, ascertained that, incliiding 
the enst nf priiiling, the cxpcn.scs nf tla* I'afcnt (Hlicc wniiid 
have Iiccii abnut. cipial to the mnniiiit nf tlic receipts. Fnim 
the gcnflcmairs remarks this cvciiitig, one wmild lie led In 
lailieve that there was nn such thing as an c.xnmiiiHtinn in the 
Patent ( )flicc fnr iidmi.ssinn. f can tell ynn all here this evening 
that then* arc snmc cxamiiiatinns held in the ihttciit < Hlicc, and 
pretty liard nnes tnn. I have seen gnnltmtes fmta the Talc: 
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Scientific School, from the I’nncctoii Sciontific Scinn)! jukI 
from the various scientific scimols of this counlrv, and from 
West Point, come down to tlu^ Putcnt Oiiico. 'I'liov wort* 
going to get in, hut I liave seen u great many of tlum'i ti,,. 
most of them—go l)aek. Tlie ('xaniinations they Imld there 
aie quite technical. I have been tiirmigh them, and 1 ha\'e had 
to study very hard to got through them, arid I stamai with 
•a good scientific education. It lias also laam the [.raetiee of the 
Patent Office in years past, to make the examination iindude 
questions on Patent Law, and pri-vionsly nearly all the ijnestiotiN 
were on Patent Law. ijatterly they htivi* been more on seientitie 
subjects. For promotion in tlie Latent Otiiee the questi.ms are 
largely those of practice and Patent laiw. d’he genthmian will 
find among the examiners a great nuiny who are quite wdi v.-rsed 
in the law. There are in Washington three night schools turn- 
mg out lawyers by the hundreds, and a great ...any exa...i.,e.-s in 
the Patent Office aie st.ide.its i.. those kiw-sehoois. Now, a 
gentleman takes exception to o.ie exa.ni.Ka- ri.li.ig diffe.m.tlv 
from another. You will find the sa.ne thing in the courts 
qimst.ons that arise in the Patent ()tliee Hn.o..gexan.ine.-so„’annli. 
cations, are not so much questions of law us the^■ ai-e questions of 
fimt, and wdiere you find questions of fact y.',,. will li,.d ...en 
differ It IS an old saymg, “ h,, nnu.y so manv opinions." 
It IS about true m the Patent Office, and I do not sec how it 
will be possible to harmonixe in any way the rulings of ex^ 
ammers. Now 1 should think the gentleman, fi-om his .-cmarks 
expects an ca. p.-oceeding to hind ev.-ry on... I, is w.-ll 

known that an application for a patent is an p..o,.e...|i„o 

ms not contested at all, and it is no womiiT that tl..‘v a.v so.ne 
times overturned m the coui-ts, and 1 think then, is always a p.-.. 
sumption m favor of a patent. I think the .-ourts ......'o.mii,. a 

right when the.-e is a patent. This.pmsiion of Pam,,, 

latent Office itself. Ihe e.xaminei-.s then* hav.. mud,. , 

vcS^ ''^' 'tl ""’1 <l.H.stion ov,.,..' fSnuc 

ycai^s ago they took steps in this direction. It was in the 

ticiilar direction of an increase of salary though, and .d' co, 
that, was considered a salary grab and it 'ww „.• ", 
Tjie gentleman, I think, hZs mn....e..!d::;, 

jections to the Patent'laws that are highly visionarv It , ■/ ' 



n/saussjoN, 


im 

qiiitii u. ime. 1 lit‘artilv <'<)iuair with him in Iht* wisdcan of 
estahlishi!!^ ft I'ataiit (^>urt, ainl I think Im will lim! i\w I 
OtHae its(/lf halii^vtss in sn<*h a thiiiiic. Almost evcnw om* lu/liavos 
that tlK‘ jiidiaial fmahions of tlm (^)m!nission(‘r should ho takan 
away a,ml his oili(‘t* madt‘ pundy (‘Xiamtivia It strikas ma, as far 
as tlii^ Pat(‘nt ()lli<a‘ is (‘omauaua!, tluu’a ;in‘ only two thing’s the* 
niattar with it. Oiu* thina; is tlu» ina<la<jHata pay of axaminmv. 
It tha P’‘ty ol (‘xamiiHvrs is in('ra‘as(Ml, sav <louhltMl « f itaxin 
all til roue’ll th(‘ assistants -tla^ tiaulamw will las lliat man will 
stay thmxa ami a man that has htaai anytime* in tha evxamininji: 
aorjis <*an ixu’form threa* or four time's the* amount of work that 
one who has Ihh'u theux' for a iaw y<‘ars earn do. It strike's iiu' 
that this is the'ona tiling ma'eh'd in the* Patemt Otllaa, im'r«'UM‘<l 
pay, and theux* mi^-ht he* an in<'re*asi* <d leuxx*. As to the* appeflnl 
mant of a, e'ommission, it sen'ins to me* that the* Patemf Paw e'onle! 
ha renrisad hy direx't apjhiaation to < Nmaix'ss. Hu'ra is a staml 
ini»* exmmiittex* of the* Mouse*, anei the*!*** i> a .-tamlirm' esmi 
mitteM* e>f the* Se*nate*, ami the* Chairman of the* Se*nute* 
Pommittex* is KxnSexax'tary d'e'lh'r, of tin* lnt4*rim' Ph-partme'nt, 
who km)ws all the* Pate*nt (weu’kin^a's, and who has, in timas 
^om3 hy, had a ^resat many <*ase*s appe‘ah*ei to him from tin* 
jhltant Otlh'i*, he*te>re* his jnriseiie'tion was ee\e‘rrnh*el hv ilia 
Hu|)re‘me* < ’eairt ed the* Distrie’t <d*<kdumhia; and I lldidv that if 
the Nafiemal Klex'lrie* Pi‘»itt Assoedatie»n, <»r tha i*h'e‘trie*al me*m 
wenx* to a-ppoini a e*ommitle*e* to <*emfe*r with tin* Patemf ('oinmit 
tee of tlie^ Se'tiate* or ed’ the* House*, that this (»e»uhl ta* e*HVe*f**d 
more* rexieiily than liy apjHunfin;^ a e*mnmissieur. It is a more* 
thread. appli<‘alieuM)f ])oWi*r than tin* (dhe*r way, am! I think we* 
all he*lie*ve* in a|)plyintr powem Just as tiirt*ed as jNexHifda, 

Mr. Pnia.as:."Mr. Chairman, on om* peiint I wish to aehi ti> 

what, 1 have* saitl. I Imve* hati seam* aiuift*re‘mx*s with otln*r pe'r 
soMH in takinee* a positieai on this matle*r. I ttnve*iio| frusfe*ei maraly 
in my own viawsam! appre*!n*nsiiais: I have* hex'ii told In an ntteer 
m*y of pr(aniin*in'e*aini lHr^i*ax|H*Himnx* in pufeuits, as wedlas ofhem 

hranahe's ed‘ the* law, that he* wt*nt tePWa.-liinLdeai sonn* tw«» eer 
thie'e* \e*arsaR’e), with the* e*xpr(‘ss |air|HJst* trl miliatinjjf a nu*asnn* 
to n*nmve* the* ve*rv <dije*e*tieumlih* limitalhm ed’ Pnite'el State's 
pate'ids hy foivi^aai pataiits, and that havingexinsuhexl with ^aritum 
p(*iseuiSj in ami out. ed ( eaigress^ with raspiHd to tin" mafle*r, 
he* <,*x)nalmi(*d that he* had Indtar saj iiotliing whntMH*\e‘r 
about it; lHdte*r elix^p if. In his jiidginenf. tlmre -was n elaiige*r 
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then, of inviting attacks on the jiatent .system, thruiiirli iuiimMl- 
ments and otherwise, even in re.s])ect to sucli a .spceitie mcasurt* as 
thatabne. I confess, that incident has intluenceil uiy mitid \ or\ 
considerably in forming an opinion iij)on ihe expcdifimv of ib',. 
measure before us. 

Mk. Thomas D. Lockwood: —I stand Indore vim (ids cvimiiii;' 
the repi'esenhitive of perhaps tlu‘ best eonti’stisl iiatimt in the 
world—the Bell telephone patent of ISTti, ami yot f lik.- ih,' Pa 
tent Law of the United States. I am not in (he' b.'si o,,ndi(ioii (., 
talk, because I have not heard the previ<Kis discussion, and 1 have 
not heard the paper, and I have jn.st come from a dinimr of aboiu 
fourteen courses. Nevertheles.s, as the last seven vears of ntv litV 
have been spent with greater or le.ss suwe.ss in .st'mlvinu pa'(.m(s. 
I thought it right that I should ,say a, word. With 'all' (!,<• evils 
of the Patent Law of the United State.s, it is yet (he best patent 
Jaw in the world, and Juy e.vperienci is, that the P.atent L.aw i.s 
not one-tenth as immoral as patentees themselves are. ()ne mau 
gets a patent for a steam engine. It is the lirsi time, iierhai.s, 
that a steam engine has ever been invented. Another man -viJ 
a patent for a crank A, fastened down to tin- end .d' tiu- nmin 
shaft i?, and attached to the recijirocating comier'tinu- rod (' with 
a brass bashing in it, I); and the .second man'eannot ’ ,.on, 

'‘‘’'bla' has not got (he right to 
use^ the steam engine, and he goes ahead and n.ses the'.steam 
engines and a suit in eipiity is brought against him, and when 
a lu-ehmmary injunction is obtained, he po.ses before the 

world a.s a martyr to inetKcient Patent law.s; ami the,, I.. t,, 

work and makes a slight variation in his patent, and .mt-. ,',erha„s 

LT. f i"..... ..er,,„l,i 

patiSi Tl association for Ihe proteetio,, of 

W t ,/.^7.‘‘'^"‘"^K«ut]emen, who really are pa(ente,-s of th,. 

for the ike If d •* ff'aai tiling ... protected al., and 

foi I 0 sake of their own virtuous patents, (|,ey eombine t hem, ..h e- 

a hist class lawyer, to frame a .ill ford 

j • In any event a bill is introduced foi- the moi w i i c ,i 

innoeeut purchaser, and the iumaanit purchaser i in. ( ,'l" *’ 

time, knows very well that he is purchasin.'.’a nab- t. '■ 1 

. 

Maeotitlli»H,eca,motpw.Ut.,igl,t„„u„,,„j| i,;, nr,. 











mmiissrrm 


im 

Imt it has g(»t to ho hun^' bias. lM>r tli(*s(‘ roasons, and ntanv 
inor(‘ reasons, 1 hthieve that \vi‘ laid better h^t well enouu'b aJinaa 
1 laivt‘ noti(‘ed in the last s(‘V(‘n years that wdnaievin* ('onti’ress 
goes to interfere with tb<‘ lhat(‘nt Law, tlnw inlerb»r«‘ with it tin* 
wrong waw. dbvo thirds <d' onr < h)ngrt‘ssm(ai hav(‘ got tin* notion 
whieh pnnaails in Wisconsin and Minnesota and tin* noillMM-.n 
side of Dakota and Id.abo,and low nion* pla<*os like that, that flu* 
[);itent system is nothing nioi*e ni* h‘ss than a system of whole 
sale swindling; and 1 was yery glad to >;ee by the Saprenn* 
(■ourt diaasion last May, on tin* drisen well patt^nt, that the 
Supreme (ourt of the Lnit(‘d States was not a’ointr to !><• 
intlueinaHl by popular notions or popular sent innutts, I was ohnl 
to stH‘ that tin* Suj)n*nn‘ (Suirt <*otdd sustain a. righte(ms i*e issiu*. 
Lven now tin* pr(‘S(‘tit ( kuigress, \\dii(di has not }M*t*n in existtmee* 
iniieh mon* than a. W(*(‘k, has lH*gu!i to get in its work. I notieed 
last Friday morning that the lagailar innocent |mn‘haser hill had 
alremly started on its marcln 1 am y«‘ry mindi cd’ the oianitm of 
Mr, l*!u*l|>s and ot Mr. Ivintner, that at the pixssent time it wouhi 
iHnmwise to try to g(*t atiy pat<‘nt legislation. 1 am ana* tluU if 
we stir the matt(*r u|) we shall stir it mon* than we want to. If 
\V(gget a (a>iniidssioii, otir wau’thy lh*esident, witli the hevt inten 
titais in tin* world, will nominati* two eoimnissioiier • fnini 
Mieingan, and two e(amnissiemers from Indiana, and one eoni 
missioner from Ohio, ami I am stire that that ('oinmis ion will 
(*onsi<ier it its dtity to point <aH wliat oneg»*ntlemam \frv foretldv 
did tins (*y<*ning, and say that (In* (’ote-litution doe> not pro 
yide for a, Patent Law ; it only proviiler. that fln*re //oo/ he a 
Pa.t(*nt laiw, and tliey will eondemn Iw iginumnr that artiele ot 
the ( onstitution whieh intiniales that, if there is a Patont Law, 
it shall In* to promote the arts and sejen[C(*s, I am ver\ elad that 
in these days of eorriiplion, of judi<*ial em*rnption, we ha\e in the 
Ivpiity nijright judges; judge, tliat are well v.aved in 
file law, ill Pal{*nt l#a\v, and who ti^ually ki*ep that pnn i.ion of 
tlie (lonstitntioii lH‘fore tIn’ir iwes, and kt*ep tlie hh*a f jiat ly 
tide of the ('onstifution before their i*yes, thal a Patent l*aw is 
not to o|>pn*ss p(*ojdc who rise tisefiil imdrtmieiils, is not |u pm 
yidi* that (*(‘rtain a<l\antago and eerfain moni>jJo!ies .•'ha!! heoisen 
to <*.(*rtain p<‘ople, hut that in ennsiderulioiMif Huiie u-eftit thing 
lurnisln*d by an Amerh'an inventor, that man sliall he piotoeied 
in the mannfaetiire of his invention for ti eerluin iimitt*d period. 
..Now, with ritspeet to the Patent t:>|liet% we eaimoi deny that 
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there is a good deal of inetjiialif \ 
eloquent defenee niadt* hv ilio e'l'Oilo’i.ao ^ 
iis, wlio have praetieed hofun* thf rar^-n* ( ^ 
liad the ill-fortune to havo a (‘um* hrfui'r i.ar^ 
sioners, either hy an inierforen<*o nr to ,» .i. 
by some patentee who eoines it} af fhr \* vs ! 
inability of some exanditer lij di^in-iii h 
form—matters of law--and l!m loa! thr 

cdass of oleetrieity. Sineo I havr ht ai.n r.* , :.q .,.,5 
the Pateiit ()t!i{H‘, wt* ha\‘t* had fin/ iniiiM»ri;i! // n.i 
as first examiner in the olonfrir oia . 

Townsend. We have had 1 h\ V. !.. I'm iHa!i, \\ 

Mr. G. ,1. Kiiitner; aiid n.nv we have \!r. 
these exiiiniiiers, to my I'crlaiu Itiiow ii'ij..,-, !,:i in.ni.- 'iiii’i-iTiii 
rulings upon the same point with tie-In- :! . ififii.- «orl«l 

Mr. Wilhnr used to make ndiiiL'-. 1 think, ibni H.mhl It.-lp ht> 
own, j)(>eket out. Mr. 'rowu'-imd wa,'. ali.int a ftiir a uam 

as I ever knew. I)i-. !-‘reemaii wa tira cin . Mr 

Kintiier always recognized the di!ii.m!r\ ,,i' ioriiiid.uiim a 
proper electrical claim and alloM«'d .■,,!) hi.Tii.j.' iafifmlo 'm,- 
-Brown, lined fr..m the sole of hi^ f-ut n, ,j„. „ nf hi, 

head with law, but kmoyinu vet-v liitl,. ah,ml . loot ri.-it \ , i di 
posed to stldtle fmMnaUers oiahn It mav bo that tbedmlle 

inan is here. It so, 1 assure him tbal I .1,, i,.,i mr.ni ain di 
respect; bnt he came to the elass ,,f ..h-etrieit. inoo the’,he,, 
which included cliamher-ware. N.nv, h-.w ean a ..enth.umu 
matter how good a lawyer he i., h.-,m...,.n,pli h.d rh-etri 
cian m hetomiiyug<dhmeye,siu,p Ip h.h,:- irao l.-er- d from 
one part ot the Patoutt mie^^ j ,, 

may he that lie passed the e.aupetilive exainiimfiMn .p„k, i, If 

BO, lliaveiiotliiugmoreto.say. if ho d ii d! i «oll I 

t well, that he will stay there, and tha, 1. ti.at iln.o „o hall 
have_some provision, either with la« or w ith.,,,! law « ho.vhy 

exanunersarcwellpahliftheyareu. 1 one. | ha.: m'thiim 

tosajmigiuiist Mr lha,wii\ rulings. The. I.a.o mir |.,r 

<us .1, liave Hoen. lie s(H*ms tn lt>tx f* • • . 

f‘ir * ^ n tluipM f,, tf,, ri-dif in 

1”;;:''"“':'"""" e,. . 

Once ,norMwM, .. ..'! 't; 





















im 

tlH‘ V(*a,r hiviori* !1 m‘ tcem*nil election to stir tip any ^yneral l(‘uis 
hitioii on pattnUs, an<l I <l«> not think that a (‘oinnussion is tin* 
lH‘st way to do it. 

I think \vt‘ shall laivt‘ to ^o straig’ht to <d(ni‘i;rt‘ss and *xot sonu^ 
kind of law whi<di is forniulat(‘<i aflor matnn* didihoration and 

(ajnsidivration hy all thosi* havin*^ an int(*r(‘st.. l>y a n«)n«i*i‘ss of 

pattnittH‘s if you will, with tin* host h*i'‘al talont wo <*an got. 

Mn. Fhanks.ano Janni’s : I hava/ hstonod with a groat tioid of 
int(,*rost to all that has ho<*n said for an<l against tin* n‘vision of 
patont law, ainl I want to add niy initr*. I do ind think that aftor 
all that has ht*on sjud tln‘ro is imn*h inoro to ad<i n*lating tho 
Patont Law its(‘lf, I agroo with tin* gontlonH*n who has Just sat 
down, that it is a vory oxot‘lh*iit affair as it stands: ainl as fht* 
inatt(‘r ayipoars to nn* thoro aro only a fi*w things that n(a*d 
imnuMliah* altontion, Init thoso 1 lhiid< aro nrgont. I nofor 

first to tin* <*ntir(‘ divoroo that 1 think should oxist hotwot*n 
Annn’ioan and Furopoan a[»j)Ii<‘ati<>n>. Wo dt> nnt pay niuolt 
attontion to Knropoan la ws, d'hoy do not pay any at ton 
tion at all to ours. Ainl wliy wa* slionld ho Inunporod l»y thoin 
I n(‘V<*r oouhl niniorsfand at all. Now thoro is no hoitrr iilus 
tuition of tin* dangor of inoddling’ with tin* Patont !»aw than 
what o(*c‘urs in <*ontn*otion witli foroign [Httonts, 'Tako fin* 
nuitt(‘r of tin* International C'onvontion. That wlioh* flitiig is 
ahsolutoly inoporativo for tin* r<*ason that mir rojirosontativo did 
not know tho ditlVronoo hofwoi‘n tho filing of an applioation iinil 
tln‘ granting isf a patont. As I undtustjunl if ttMla\, if you 
{*an g(*t a (‘aso into tin* ofli(*o and if you can got it lluamgh in>d<lo 
of six months, tln*n \oti <*an tfdvo advanlagt* id' fin* halanoi* o{ flu* 
sovon months, otln'rwist* tin* jirioisions id tin* coint*ntion art* td* 
no ust* t<i nnyltoily. lliat is Just a tritling t*\amjdt* <d’ tho intt*Ili 
goina* ami informaliitn displaytai hy our Lt*gislattuv on patont 
ina,tt(*rs. NaMlouttf fin* p<*rHm vvlnt <’<unlmdt*tl tin* rnift*<i Sfatt's 
tn*go{iuti<aiH was perf(*<*tly siin*ori* in his infontitms. Put 
tin* rtssult is rntf gotai. Then Wi* want somotldiig in tin* 
mattor id'n* Mr. LookwaaMl has roforriHi la n* rJi/Zifttnis 

/v-»/.v.sa/^. It is Innal to say what that is. It set*ms to mo a ro 

dsHUo is riglitooiiN whon tin* Pupro-mo (‘ourf of tin* Pnitotl Siattss 
says Sit, am! ind until them It is a very hard thinir to gi*t 
(kmgn‘ss to (h*(*i(h* what a law is afli*r tin* rnittsl Stati*s 

Hupn*nn* (kairl has hat! a whaek at it. NhiW I think that a 

gn‘at many of t1ie iiifrn*tdtios and trouldos frtmi which wt* 
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actually , hotter exi^t in fbo Par«ai? i ■> , 

! ‘ O' fdioiju'ht 

so for a lortu* tinn* and liintk . L' 


and we do not wnrii lo p* in t . * , 

' ' ' . dnn,ii|.|. 

wc will p‘t notbiiip M t ‘aur?’« 

' idnilf 
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doubt veiT niindi liinr iboy wdl. ! i n., 

“H fl 

an instan<a‘ when.* uii Ihaaiuinr-f 

-l: , . Mn! 

cnee, and t!n‘re is un? ;i iniM; a . ;.,y 

^ '',ii 

tieed bob*n‘ tlio .l^ilon:' 

' ri'r- 

are lots Wlm Jirr inofnnijnon;;! , . ^ 

' d''= i' >.'11)1 

that; but in<'nni|H'fr!n t im. r-i 1 . m 

' ' ■. ; -r, , ’•n|}! 

positions in the Pinont tMli,-,- o,ti,:.v n n,.: 


illations bt^pin. Tiay fnidd nn? ..a, 

■ ' ' ‘ 1'. a-a fo 

get ill to save tiair IIm'.'. inn- v ,i.m,’.- 

'.-a 'd:. ,.Pv 
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Hi 

wa,y oi* other. 

We all appnH’iafe tin* i'nOM * nin'r- 

' '' pe*- 

V icnis east»s i 11 (h >11 i , 1 n ri n ;,f i i i.♦ ■ t, f ^ 

d’’’ '• ' {''-'•fn'ltf. 
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is there was get thn iii d 
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Disrrsf^iox, 


■V(‘ry <'(Mn1“ou> sjud, tluit the rd'cri<*(! i 

my <*<»mijnnn<*atir>!i siKtli and sindi a, dale*, h:id laani nd'erred i 
ji cimim\im\ (d‘ fin* rlimf drnii^litsnnun fin* clunf clerk 

and CMC <d lh(‘ |>rii!ri|,:d cx:nniin‘rs, and that they had <h:aM‘(h‘d 
that, whilst it was very di‘sirahh* I hat this t hiny: sicm hi laMlune, 
still t.hat iht*!’!* \\ a^ !h> fnr(*e a! tin* disposal ol the I *oinmissionca* 
Avdrh whirh iV. ac-mniplish Wm saiia^; thaJ it wa.> eininfa!! ly dsv 
siral»h‘, hiif ihat il ooidd tint fio f!oia\ aial he kindlv eonelii*!<‘d 
with the ,-iiy y'■>'t iof! that I ea i! tlio altfadiMn <d* his ,‘-u<'ees>ftr lo 
the sanio i !i iny. I dn rea. kiow whiC her his snf‘(*(‘^^su a* iais yrft 
aroinu! to U or whoihor ho ovor will, oi whofhor I tnaawdaili. [ 
think that soioo nf ilo* >urphi,% <d’ whtidi we haacwill ii»*ard ^o 
nundi, ouyfii lo he applieij fr» alioiMliny itj fhal nialh’r. 

I nanemhor onrt* hoiny parlioinariy .amok Ity fiio oHVo! id* tlio 
staUanunl mi iny part, that the Pafiaii Olhcr. ua^> rospicisihie Inr 
nethiny and ronpoiisihlo to ladHMly. The ntiaa* I ihinli o| ii i!:;' 
nion? I appreeiato fha! that irro'-punsihilit s' a’ivo- la e fo a yood 
nKiny very poiadiai* aotiMn-. It does not make any «liiloronee 
hew intieli an exandioa' inipfsh*;- the pr»»iri’o>.''> <,d.' SMHroa,>o, dioro 
is ahsohitely ni> roi^y ion:d! a I ify on his pari, ddfore OMihiny ho 
vnn (Uk Jndyiny fVonii fiio hi:dnry nf thr f»flioi% ihaf will .a-onro* hi.'« 
di:'ani.-'al nr ro|n‘inia.!io|. The mily thiriL'’ wmj oan do lo a.r»po:il. 
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it is these things that keep the w^rk of flu* utHu** }*a**k ;uu{ 
hamper and annoj everjh<Hiv eunnrrtufi with ii. A,, a n*adi 
of such actions on tlie part <d' tin* I luivu -rm iiurfOurs 

deliberately order their attorm*ys !<» fake elaiiii^ mui atha' In-ing 
advised that they eouhl lie in’eritiially Sfmirial, appual if 


necessary. 

The peculiar views taken liy iiiventniN ref M./> [nitenfs^ 
and some other fellow's putenh is vun \\«dl ilhe I>n i!u» 

gentlemaix who preceded uu\ Aie! th.-it frnr. Ihit fhat uu^hr. 
not to be the ease with exuiniurrs, nlthutudi if is. Tlu'V talu’? 
just precisely the opposite vimv: Tliey ilnnk rluw an* 
for the public, and instead of sotang whai iu in an upplitMtioig 
and really making an (‘ITort tn (oto refurunuo* fi^ duev ufifirijiat^ry 
matter, they Biinply think flow (*un uxjimid n rrf«-rufu*t* to 
extent and that is the end of it If it i:^ I'ejuufrri tln‘\ iiru glad. 
That ought not to he. 

Then this shifting of examiners from divi>4oii tu division is 
another source of dehia^ ami troiible, as in the olas;s iif i‘leet,r!eilvg 
where the chief exjuniner (ponies from watio* elo/nof'H to r!or*friei|y. 
It practically lilocks the progress ul that uIhhs ftir a, loinr 
Then, when you come to fidil his kadv of faniilmrii \ u itii llie 
subject, an overwlielming dispositiim he touhnioaiifioa, wtiy 
altogether, you get a very inferi*sting cajuthinatifim 

Now, in the opposite liraneli of |!m otliuu rhrmiNfrv fliere is 


an examiner, a very nice fellow outside of tin* tdlteta but then he 
is always ready to deny the i^iernf ivenoms of a proca*H^. He m not 
going to find out whether it is ijp(*rHlivu or not. Thr Uwt that 
he vill in all prolialnlity ht* proved wrong^s doo^ not del(*r 
him. You have not proves! tf ik oper»ifi\e, Vtm have 
not submitted spccnneiiH, and that is the <md oi vou until von 
do. I liavecases there now and I know that thov aro oporafivt*. 
The man who says they ar(‘, is a man td* liftv vears ovtanaeiiee.: 


yet this man, with no expmamuM* at nil (mf,Hiiir hia room, 
says it B not operative, and the mst* is cluggrd until it iH^oomes 
convenient for my client to provu otlnu'wi.o, I hnvu heard 
It suggested^by a friend wim has Insm vory highly rpoken 
m here^tomight, that the day of a idoso rvuminutiem in tlu^ 
Patent Office was gone, that tla^ syslmn of oxaminuHon 
the theoretical system at present in exintenee Is ohsolele. 
His idea is that the oxamim‘r siumld fako tip a eime, 
point out objections - insufricieiuty of deseription, and alt 





jiist. as ]u\ does now, an<l then cite all the re- 

fereiHM^s lui luis, ttoidin^ to sliow la<*-k of invc‘ntitni; that 

aftco' rec(‘ivini»: thost^ t-elhrences it shoukl l)o the <laty of tlie 

a])i>lieant to tuiicni<l his case us he nH<(ht B(*e fit; tak(i out his 

(daini, limit it, expaml it, do anythiufi; lu^ chooses, and then semi 
th(‘. (*as(‘to issuer That struc-k me at first as a, most iifujviitons 
pn^iiosition; hut 1 think it will liear C(>nsi<i(u*ati(uu because the 
(lourts will 1 h^ thi^ ultimate tril>una,ls lie.fore whic'h tiiat case will 
1)0 Hettled. For when tin* ollie.t^ has <db.'d its r{*ferenei*s. then that 
branch of tiui cast* should la* cIos<*d and sent forward, dim appli« 
(aint takes tin* risk in it. The favorahle <H<*tum of the Patent- 
Odic^e <ha‘s tiot. Imld bt*fore tlie Oourt. I think that there is 
wlu*re tln^ n‘Hponsil)ility falls in view of the fact that the (Imrts 
constituh*. tiu* <mh' ultimabs trilumal. It is not eustomarv for 
people now-a-days to put money in pati*ntH without at lt*ast looking 
at the lilt*., ami the moimmt that is tlom*, they are in possessiim of 
the data upon whiclt tlie (lourt wtmltl havi* dt*cidt? ami upt>n 
whieh tht*y miglit an well dtttvitle also, 

No\v, 1 think then* is anoMH*r p<unt that wt* m*ed fi) couHithu* 
more and that is this tjut*stion of trials hefon* a jury, I think wt* 
are ugrtHul tliat tin* aveu-agt* jury is not tit to pass uptmi a patt*nt. 
It tal<(‘H a gn‘at deal of study ftir men who inake if a speciality. 
I tliifdv it wotihl 1 m* he(t(*r to impaiml a jury of <»xperts, and pay 
them as such imd let. them advise the Clonrt. IMu* trouhie with 
exp(‘rt testimony at the present day is, that you havt* the jury and 
also hav(* tin* cxpi*rts, and tin* expiuls for t*n<*h sith* cador tfunh* 
testimmiy just as much as they possihly <’am dimn the tribunal 
not only has to (*onHi<!(*r the facts in the case, hut they liave got 
to estimabi just how mm-lii an (uxpert can exaggerate, wudhout do-* 
ing atiytlung mon*. 

I (au'tuinly agn*t* with Mi% Kteviart that the fhUent Law needs 
some n*vision, hut I am a little doubtful whetluir this is tht% 
best time to do it. Some think it is^ some tliink il is nob I’ 
tliink, if we w(*re tt» go for two or three inothmsive umendim‘nts, 
W(* might get them. If that cannot he <lom% as many gi*ntlcmen 
8e(nn to think, then 1 favor the plan of a commission, hocausc* going 
todongress with imlividim! lulls always giv<*s ris<* to the suspicion 
that the parties who go have itn axe to grind. The ijuestiou is, 
J!ow e,an thesis lawyers atTord to come here, and ask for tlie.se 
things^ Piiople in (kmgress ask these questiims as %ve!l as oiht'r 
people. The answer luituriilly is they are trying for h*gislation 
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for somo particular tiling* and c-pt'^arillv ;i,fv p..:;?; 
those sns])iciouB, 11 m*v ihink ♦»! ? r !, i ^ r . 

judging from what tlu*y .-ay, and f'.r ^ I * 

of a commksimi would ht* thr in-ua idr n .n* 

presented to Congress in aat iiaiciru.al inai.m.'r. \\ ' 
sent time Is or is not tlu.* ! om ?;.e , 

decided to H|)piy for a ‘ ' i 

as any other* It will eorOiliily tafo jd:.,- n-, 
and to forma la ti‘ what rlioy w;inf. I o: 
the iiiattm* eonhl he Itronglij f** tk- 's vos,,;, „ r f 
after this hiigaiaio (if ^ . ; 

.Mu. Lo(!KWnoo:i eravoy.aif inn n -:- 

remarks. WoiNk Wfudd fail inr it I ^'.^n ..ton-nn 
interest with whieh I ha\o linfv-no.i tM , 

man who spoki* ht'^t: and w!n!*- I o.OinMf 
his propositions, I may ntv fh.a! I tn:i:,ii i'Mrod:...,:'.n-r* 
of them. For exajnplo, ! oa.n aeTOf niM:! : 

position tliat tho a.>|joi'f of i.nr F.tiom , v\'i* 
foreign patents, does lu.aai .-ion, |»ir^ ! do 
commission is tin? he^t mean-^^^ of aoo,mi|,i-,nnn;/ if 

Mdth n'Speet to the rf'd:'-^NUo »pio;a.iofn ! fkih!, ?!t. 
man, a[)parentfv, so uadi aJ'dt' lo^ o.\|.<iaIn i^n'. id* 
rigid; and what is wiamg, nrtiifii ^oaiaadv liijd ;u'Oi. ifm 
taining for himself -what F a i.fopor rrd; Mir.’a,foi 
proper re-issue. I.f we ..link t*i th^' d*hnny.'ai *0 iJa 
what kirid of a pateiit niitv hi'roa-ao'd ihaf a |ir 
If we take a redssue patonf ihat rrd;,air'.d, 
state ()f tlie art is ndvain’etl ntj ft, a *a ri tin si i. i 
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spect to redsHues. 

The gcutkumn mid hv Uvu^r I,, uni ,.t ,,n 

e.xamiiH)r h.‘iiif^pimi,iHmd. t .iid au..-, I ,l.. tiui.K 

*'''*'* a. in tin; t•^t|(ljil'!l•ttt I fit if ;trl i.m (if 

pe latenOXHco. 10(4 tk* inr..i(i[...(ri.i fL,.( in. lint 

I wonld like to a<!d a tkxoht^y {.» lih ivoi.irU 1 ttdnk it 

IS equally jiceemary that tlau'e au-idd 1.,. kiod .0 .-x 

ammiugcouinutke for ,,fton„.yH. 1 a.-,ud „f uo i„.-o»o 

petent attorney homg diHiMinm,! jHTiiiaii.'iith. ! hav kiiown 












uiscimmx. 


1 , 7 ^ 


a ^00(1 luanv to (lisunsscMl from om* but simplv 

cateh ou to niiotluvr one*. Aiul ii i.s a |U-t‘ti.v saio rub* I 

think to iii»‘ht. pnMtv shv nf tIios<» o‘(aitI(aiu‘n who thnNl ViUi 
with (‘inuilam afbn* you havu pa. a. |aitoni. it striki-s 

iui‘ that tht*n‘ is sumi ‘1 hiu‘4Mn tlio uiattor of l*at<*iit< Hlioo tribunals 
that ikmmIs rtH'fifvina.’. ! <lo not know liow' thi‘ law is uoina; tn 
ifta. aroinn! it, iHMauiso tiu‘ palontta* snoniH to think his riu'bts an* 
iufrina'o«h if tio is not alloWisl to bamllo tbo {rituinals of tbo !hit’Uit 
(Hliro as la^ sons fit. If Wi‘ p't an atlvor-o tlorisiou, wo fool vory 
baullv if wo (‘arnaot appoal U* tlio Inoanl of oxaminors in oliiobaiai 
g(MUU Ibii ! bo iiol knowwith niy prooait iibruanafi«ui whoro 
t(Hako bsbb of this subjtMU of a trilaniab 1 think that nootis a 
liifh‘ inoro atJoJiffioji |)orha|»s than has boon '.ri^on to ii. Xow all 
of us who prat‘iioi‘ fK‘i<u'o tho Pafont t Hlior* or aro inloro-ioif in 
patonts slioulb bo jna'part'b to boar pationlly with tho oiir toin o| 
oxaaninors who <loal with applioaliotis in an impartial and spiiaro 
nianniU’. I f tlaos’ allow a patont w hii'h a!it‘r\\:n'*l"'= turns out to 
liav<*; otinu* rol oia‘iiot's, atib whi(*ii ts no! nowa I lit Ink \\o shotul*! 
rummnhor that it is uttorly inipo-sihlo in tho prosrtil slao* ol 
kntnvlobpa ant! in tin* hnpo oxpanso of pHblioation> and id’ pri»,*r 
panmts whioh thoy havo to wadn thtiumlu 1 *Maoor tho oround 
ovary lima, Wa lutva pit to taka tuir ahanaos in iho rn iltar ; and 
thosi* of m whi> iiava takan out jiatmits tor invoniion«* kannv wa 
hava pd to p*t- tmt paianfs for tha iuv<‘Ufi>r hy liotfk ort*roo!^, As 
a riih‘ tin* invont'»r sha'S not aan* whol!H*r tin* alaim i> \ali'i orixrn 
Ik* stisiaiuad or ti<d. If Ita has ytol rt patant lit* aan oasily it. 
My i‘V|i(*rii’iiiM* is, no iiiiiltor liow toolir«lt u [cilciit is. !i>tw iiihIiiIv 
hr’oinl 11 iialftil- is, how riiiitniloiis a jialoni. i-^. all vou haw ^oi to 
( 1(1 is io liinl soiiiclioilv with ii)or4< inoticy fliaii hntiiis ami (ohimh 
H (>11 that jiatciil, ami you i-att oroaiii/i* a coiujtaiiy with '■ovcii mi!, 
liotis of (iollars of cu-iiita! on it, jast us easily as yon t-ati with tim 
linst. in\'cntion ever malic. Ho 1 ihinii we must no! he too liunl 
on the ((.'iumiiiei's, 'i'here tire a ftomi miiny wtiys we et(u hel|> 
them. Ah a, rule an ex tmhier i.s ojiett to coiivietiun ; the !t\erayi‘ 
(’Xinniner is, I tun sure. ,\hont iive y(‘!irs Ujifo 1 lileii an tipjiliea- 
tion for a jmtent hefore a eerl-iin extimhier, which I think 1 eoiiM 
have ma'le to eo\or hrotully the eoitversion of eleetrieity of hiyh 
{lotential to eleetrieity of low jioteiitial. for the purpose of j,o-lt ino 
ineamlcseent lamp.s from the hiu:li [lotential eirenits hy metuis ot 
imiuetion eoilH; ami flit! (','iimiiner, he was honest, hut he was not 
inforitietl on the suhjeei, am! he stiitl ■ “ It eiinnof he (lone. He 
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Me. Fowi-kk:—I flunk, if the Nalixtnil Flrctri'- I,ii>ht A.'-Mtcid, 
tionwere to proBontKouu'ltill in (’tmi'rf-.'., «liirh hi. nit I iiuTfu.M-tlic 
pay of examiners say fifty or lun* iuuulrcii j.iT cent,, i( Ht.nlii ir,> 
farther towards removing the evils of flte I’aieiit (tfliee tlnuj every 

thing else eomhined. In one year ..unfed that tr.im among 

the examiners twenty three luul resigneti jil.oiif i.ne sixth of the 
whole corps. The Patent Ofliee now i> tilleti xvith tiew meti. 


Until a man has e.mmineii for one _\ear, he is ule.olnie|v worthlesH 
in the Patent Ofliee. ! have heen Iroui.led a ^nfai tienl myself 
since 1 have been out of the ofliee witli iheM- tjnestioim of form, 
and I know exactly wliat it means If gentlejmm here hinl any 
conception (tf the work that is thrt.wn n|ton examiners, lln*v 
would ktmw what it imainH. It is a great deal I’asim* to raise a 
question of form, than it is to go .low n atid exatnine the merits 
of a ease. These (ineHtions of form are raised hv jmmHhnan' 


so banked up with work that it is anything get rid <d a 
case. If the salaries of tiiese men are raised, and men kept 
there who can perform three or four limes the work ihuf new 
oi inexperienced men can perform, reionn will follow, I was 
talking with an examiner, a friend of mine, whom I met in New 
York a tew days ago, ami he said this is li,,. wuv ho works nml 1 
thougld it was a very poor way it is anything to .dmlve a ease. 
Ho has little rollera—stamps -that im rolls .'wrois a sheet of paper < 
division, proce.sH and produet and evervtlting idw y,,//./, some¬ 
thing—he rolls them over the sheets and hands ihmn over to the 
clerk, and she writes a letter. 'I'hal ease is got rid of. I was very 
question-d' form u h.-n I wm. in tli,. Paloiit 
Cffhce. there was uease wliieh had heen on th.. m. rits twiee to the 

board and once to tluuiominissicnier, and it was a ease we were very 
much harassed about It was a question whether the tiling wiw 
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piih'iitable, and one of tlie gentlemen in charge asked me to take 
liold of the. case and make an examination upon the merits. I 
took hold of it, s])ent some little time at it and I found two Eng¬ 
lish pahiiits for (ixa<d,ly the same thing, and yet the ease had been 
app(«i,l(!d to the Hoard twice ami to tlic (Jommissioner once upon 
tiu^ (jmistion wlmtlnu- the thing was patentable. That jnst illustrates 
the point e.xactly. They will raise these fpie-stions of form to get 
rid of thii case rather than examine the merits, because it takes 
too long, 'riiey want to be up to date with the work as near as 
possible. 

Now. (.his (jue.Htion of limiting Anuirican patents by foreign 
pate.nts <lo(*s not strike me tis being such a terrible thing. It is 
easily golten around. It is the popular impression that all 
foreign pat(ints limit an American patent, and yet it is only so 
wlum a foreign patent is previously patente.d. It is easy enough 
to tile y<mr fmaugn jratent on the same, day that the Amori(;an 
patetit issues, and the foreign patent do(;s not limit the Aimu’ican 
])at.(nit, nor <ioes tin*. American jHitent limit tlu^ loreign j)ate.nt in 
any way. 

1 am a believer in <-ompulsory licenses as thtw hav(^ the.m in 
England. 1 know my fri(-nd on tlui right will not agns! with me 
in this. 1 d<» tint think oiu^ man should beabletogtn abroad (daim 
all<tw<>d and prev<“nt improvers from using improvements. That 
is wliat tin* law of tins country giv<‘s them. In Euglami a Board 
of t lommissiontu'K a.sefU'tain how inneh a Ihamse is wortli; and tiu'.y 
make, a man with a foundation pabuit givn; a licenst^ to anotlmr 
party, so that an improver can use his invention. There are 
many emnpanies in this country who have valuahle improvements 
loektsl up in their saftw. In that way they impede progress. T 
hav<‘ in mind one company where the managtu-s <lo not want to 
<‘.hang^^ the jniw'hinery beeause of the cost, although there are a 
great many inventions in their line that are h(*t(er than the 
d(‘vi<-es they mannfaetnre. They hny up the putmitsand put tlnun 
in their sub*. 

Me. .1 .\N.N! H : 1 did not have the slightest intention of reflect¬ 

ing »«pon the entire staff of the Patent Otliee, heeause. I know 
thenmu-e plenty of gooii examiners; I tuerely referrcil to those 
that were not, and to the fact that, (lespite tlm examination for 
admission, the force, is not as good as it might Ik\ I fully agrwi 
with what has heen said aliout raising salaries, and I fully en¬ 
dorse the proposition that that wotild, in a largo measure, modify 
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present troubles ill tliat rt*.sjH*or. 1 Ye/v n.iin Ui*ir> 
want to have them imna* eomptnoni, I ‘ 

Ooneerning’ the new trihnnal that 
think everybody has etmsidt»red iii*‘ yie 
believe (nunwlKMlv emisiders !f ne*r»* . •«! 

agree also with, Mr. I.eekwned. niio f!ii- pr-p. • 
considered veiw earefnily. A,'^ tlir lojiffer laea 
who has lost his ease Indore friiojiau UMihP 
aggrieved if he iiad not tie' t>|^»,|hnin!i'f v n{ r.irr\ 

In days gone l.w, the as:d>lanr m. ;. : 

ranks of the ofliee. 'fo him Mr,i?f.mn mI' i'Mf;?,. 

That precedent has been nverlMMkMti af;*l • 

praeticaJly vacant.that is what if aifonihf im, 

of re-issues is a. \n‘ry' sm*iou> 4,1 hm*. I paM-oii 
did otlier matters, Indieving it i** he ;shfi..,o o 
into it; hut there is one puiiii ie f||;ff .-si, r,,., j 
like to liring n|.n that is, th.e ireml.,!,. in tuv v. .. ,0' a,ii iir.. 
ventor, in securing what ha> been ap|i:trenf,h 'm e hv j, deb-M 
five patent, prin(d[Ktlly owing to fbe f,i,ef umi if i. a 
elusive presumption that in'erything llmf i.. in a jiafrin 

amniot (daimed is patented. !f fberv . any unv eti'" Mver 

coming that, then we will lm\e aefiia!l\ wh.it rv'* iMOieM wi^m 
supposed to (fover. I fhj uo-t believo flj.ij iJir- r*'s,„,iir 
was ever meant to eover a ea.,>e whero m nnn wriit in and 

expanded jm application a.fft*r Ije bml l-.ond ihv d:i':dr4b,if-, 
ity of doing so, I do fnu think if iiifi-mletb and 

the Supreme (Vmrt evidmifly doe-, noi ; but I ibinL ibaf if 

re-isBue is coniined to tlie .siiby'm niafirr l.mnd ui tb, ofainK 
actaially patentee I, . be, .e Mooe 

gieahu* scopts u- scojie evidently duo f »4 ir, .-ifitl ibai iln-n fbe 
applicant can rmnovt- frmn fire doiomi\o ptfmf m*- nbjrof 

mattiirol a dilhuamt cluiraeter wbieb ua jmo i*MMnvd in flei .r 

claims, then mlitd* can la* Ihtimb rhr mmirr land^ it i a 
fact, and 1 think it will not Ih» denied, tlmf if i. abo*. f imp—ibio 
to do anything with an invention after it Im. b*..n b.dly pafontod. 
JiutasI said tad'ore, yon never know wbii.t i** u good rr i'^^Mie 
until tlm Supreme (kmrt has pa.Mia| upon if. Thai gueHiiun I, 
teal to be too deep and hm mmmw for oair di-.Mf.dMn n, nigln. 
and tlicrotore will leave it, 

JVTii. ,r. A. Mif.i.iiit:~I 81 h,ii|,| Hji,,(„ „ j,.„ I 
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|)rae.tic(i(l lH‘fore th<^ I^Uient Oni<‘,e since 1854, and I do not know 
that a.nc attoiau^)' pra,c( ieinn; hefort^ the otHee has l)een more nm 
fortunat(a ])arti(mla,rly in orn^ room, in his interconrse with ex- 
amim‘rs than 1 havti iHarn. I speak of tla^ textile room. Now, 
I havt^ f(4(: all diflicailiies whi<*h havci luam si)oken of by the 

varitMis y;<*ntlemen here and have snderiMl eonsidta'ahly. At 
times I was almost disc’i^'^ed with th(‘act ions of sonn^ of the tvx*- 
amim'rs, Imt ahont four or five y<‘ai*s ago 1 had flo‘(!e v(»ry 
important (*as<‘s which Wi*re rejected in (onanany and 1 wimt to 
(lermativ to ap|H‘aL Sinet* that 1 hav«‘ hcmi satisfied with ear 
Ihiienl < Mllct‘ am! with the pra<‘tic(‘ in oiir otlici*. 

Mm dAXNi s: An tm-eommissionci* laid tln^ sanni ex|>(am‘n«*e 
recently. 

Mm M 11 . 1 , 1 : 0 : As to raising tht* salaries of examinci’s a.s a 
wholva 1 never did ladieve in that. I hclicvi* moo* in lint 
Knroi>ea.n system ol' pulling a high premium on the higlier 
grad(^s. 1 helieve in pas ing: t in* chief (s\amim*rs a very high 
salary, hut I thitdv tin* young men can get along with a 
lower salary, and 1 think the present salary is sullhdimt for them 
until the\ have striven ami gained a higher position, ddten* is 
amdher remark I wish tti make on this ijtn'stion of a l’ourt. 

\V(‘ havt* all sunVriMl \ery mueh !w appealing from the lioard 
of KxaminerH in Cto tins (turnnissiomu' am! not getting ijuite 
t{> ilu‘ ( ’ommissioner. In faei wt* do md; know when^ wc are 
when we get ihere. The examimmsdn (dnhsf are very honest 
nuug hut ihes‘ get into ruts. !i you lutve an argument htdoiais 
them, you know just what you arc to say ami it depends on wln^ 
is to writi* the opiniom and if you hn|HH*n hu* iii>tauc<* to take 
th(^ (picsthui of employer and emjdoyee, and get start(‘d wrong 
on that, ymi eannot win to Hnv<‘ yotir lifm 

Mjc. l)^^^nsoN: I submit there is no system forthe admini>trfe 
tion of atfaiis among nnm that will not he optm to numerous <ds 
j(*ctions from may I say-fheoreticaJ jjerfectionistm Now, the 
Ihiient Hystem is no! perfect; we will admit that Thcn»art^ ptudtapH 
many ways in which it may he improver!. Tlit‘re has laam 
au extended discussion as to the imperfectioim of examimu's. We 
a,ttorncvs are perhaps rpilte as much as the mmmmvB taiiifed 
with original sin. Wi* arc not perfeeL <>ur judicial system is 

not pcrh’ct T!u^. question we must eome latck to is tliis.is not 

our Fatmit system m we have il trnlay the best that we cam get, 
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laised upon mine three lliou-siud nr 
1 think not. As soon as a rovi^^bm mi' tu,- I 
commission sueh m 1ms Itoen r u : 

in regard to the Ihitmit Law, nil! appr.i- h*”.s 
and seek to griml his own a\»% W»- !, 

mission all the genthmnm wfiu arr in f.u, ; 
purchasers. It seems fo uie I lojiv h» pt 
cussion to what 1 mult*rst.iiiid f.* f*r tlir o a! p./i 
propriety of inaking an ajqdieafion tu i ..<nei"t 
of the laws. EverylaHly assiiines rtierr ar*- ,'eei}i- 
slunikl tlnnk wt; ought t,, fh.'Uj ii!,,. an<. 
enterprise. Js'o husim-Hs muti g.M-; iuoUh. r Hu.t . ,,i . 
got a ckiin against j..u; J .ion'r !,u,ov ni-f H l,;a 'n 
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^ you will help „u, f„ ii„,j ^ ^ 

That >H no way to get at ii, W . „.j., . .. j , ' 

we coneech. to he the pniut,. n. 1... 

•oont ot the patent systetn. a.el fh..,, «h.„ 

what w«;van(, ask tor it; and 1 h fh-uou.uf.e f,uiof.-r,!,/ 
and the inventors l.nug their imlueu.-e t., f}„. 

ciaus. 1 heheve in praefieai statesn.uurio,. | .f.-Lt totoke i„ 

in ideal statesmanship. Let ... .seleet th.. are 

obtainable and make a direet a|.jdieafi..u f.., if...,,. " 

JMk. Wn,Mi:™4 fhm . 

to««“ rir'"*”''’"''' '"■■" "■"''■' 'o' 

«oa, I 

matter. I eaine here tor the purjaew. ,4 , 

toxtlu-Tid i”‘!-r tor ti,,. , 

toxtiui t us diseuss.ou, a„.i I am ver, ..(,,.1 k,. , , 

and so fully expressed yom> upioi,,.,, Tb. 

wbat equal division of opil.ion With , , • ’ ’'* 
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\ i<‘U W’lth 1 ('i*'1 i*iit‘t' Im thi* IwtSf It s(h*iiis iiu* tint! if wtv 

cun iiitr<i<luin‘into ('oiiorc^s u l,ill jn-nvitliiij; for ccHiiiii spcciiic 
cliitno,.> in the luw witicli iM ill., rcfitilti.f the work of a coini.cicnt 
comnti.*,-iMn, who hiuo iincMitJtatfi! the htihjccf curcfnllv, and who 
hrino in u ropi.ft vvliich ctiitv from iicutrul nicn. iinliiascd hv 
ntiv {MTH.nii! inlciVHt and imhiuMui hy iiity H{.cciul cluasdntcrc.st, in 
Midi a hifin that if cannot lie coitHidercii aa cIurs Icgisiafion; 
that We will Murid before <'oiitii’tw with a better elmnee of 
»eeoit!|iliahiny: tlie rcMillK that we have in view than we could 
(«o^^^iI.ly have were we to pi now before ('ongrcNS or nnv oilier 
titne, upkitijLr for -.iiecifie eimiip-M in the law [irojioKed hy onr- 
selvea. I think iniich paid eoiihl be obtained by a hill that 
would (Ifoviile for any one of the r*il;rp‘Med ehunp'h whieh have 
been dii>e!neted. It a bill wiu'e jia>aeii [irovidinj; for an inereaNe 
of Mtlariee to tlieevaininerH, it would dolitreat paid. If a hill were 
jiaewd forereatiny: a tnbnintl it woitld do {'rent ptod. lint w hen we 
HI'*' id'oiif till* thitii; at all. it M-eiiiN to nn' tlia! we want to |iiit, 

oUfHeheH on the tloor of t “oiif'reitH in the MroiipRt ito-iition that we 
eun take there, and the way to do tlial. ae well an I ran tinderMand 
it, in to pi there with tlw re|iorl of a nentral i-onnniei.ion, ninf we 
will have a better ehaiiee than w«> eoitld jioiwiblv have with a bill 
lirr'|ii»red tiv any eluftn of lueii. whether lawyerii or mutnifat;- 
fttn-ra, I wifi nay in eoneliininn that I ihiiik the rcHohitiou that 
baa lu'eti introdneed it* ntttieciKwiry, beeattwr I do not know that 
it will have any itja-eiid object or any ajH'einl effect atiy ajieeiul 
jairjaims Tl«< meeting of to night wiw eiillcd for thr' iiurjioMC of 
having the diwuwion whieh we have here migaged in, and of 
weeing what waaihe bewi that cunlil bn dene. It iw jireliniiiiary 
in ila elniraeter. 'I'lien' will lie n eonvention of iawveiv and 
iimtnifaeturei'w held in Wiwthinglon the firwt week of .buinary, 
whieh w ill In- under the ain*iiiee« of the Patent ISar AaKordation 
of the City of Wiihliington, am! J will Im* very glad, and I am 
Mire they will be u-rv glad, if all of ymi who an* intereMed in 
the wnbjeei w ill attend that <’oilveitlitin for the {iurjione of hear- 
ing the i|neMion diwatweil an eliilHirately iia it will he there ilia- 
ciiwed. The iiu'eting will laM Miveral «hiya, and there will he 
rcjn'cHent(tlive» from imverid «dlk». I think, tliiit in view of that 
meeting and of the »erv iiiticlt niofM fall and idahiiratiMliwiihHion 
that will iher«‘ fake jilaee, any actiun Ujam thia nswdtilion at thin 
time Would lie jireinatiire. 
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The pRBsiDENT:—I think it lies widiiii niy (liitv to sa\' that 
the resolution says, it is tlie sense of tJiis socaotv/' This is a 
special meeting, and I do not think wecoiild i)l(‘(!g(* the Institute 
one way or the other, ami I would like to point <>ut in iuhlitimi 
to that, tliat we liave on the Secretary’s (lesk a Inilk ofcorre- 
6]K)ndence from some of the loading irivtviihu’s’and patrnt(‘(‘s and 
j)ateut experts of the country, emhracing vaaaous opiidons ; and 
certainly, before we express a delinite o|)iidL)n ofu* wa\’ or tlir* 
other of tlie Institute, it woidd l)o well to know' what li(\s in thaJ: 
Correspondence wliicli sliould guide oui* atda'on. in addition to 
wdiat we hav'e lieard tliis evmniug. I nunady throw flint out bv 
wa,y of suggestion. ^ 

Upon inotion of Mr. Uowler the resolution was laid upon the 
table. 


Tlie following coniniuiiicalh^ns were reiaa'vid from variousgen- 
tlemeii wlio were unalile to be jiresent at tin* nHadiiig: 

N MW oiuv, I )e('cud)(‘i’ Ntfli, !Ss7. 

Dmak. Sik:—T our eommiiniiadimi of Deemnhor Ithh, in o* 
gard to a ])rop()se<] revisioii of iht* PalenI l.aw, i.s iviadv ed. 

-It will, 1 reg’ret, he impossihl(‘ bu’ mo to altmal on l h'{*endH*r 
!:30th, a prevdous engaginmmt jirevmitine;. 

U. is ni_v opinion, liowovor, (iiai. i( wniilil ho o'a*o;Mlin.^'!v di.v 
ii(lvunhtg'(Mins to ntionipt^ to nioddh' wiih iho I'aion! :il. 

Jirnsont. Y on ;i.i'(Mnoro lik(dv to nniko il worso (lian holloi- hv 
:niy jiioposed lo,i4islMtion. Nor do I Ihink llic okm <d' n roiomi:... 
Sion would boa. \'ery foasildc <,no. ! donhl, wind Inn-aosantni- 

sniu lavinydo to pahaifs, conld ho appoiniod ; and 1 doidd, 
whotiicr, it appomtod, its roooimiionda.lions wonl<i l<c aduolod 
oy tJougress. * 

lIu'rtMs, iniwovor, a, p(issihl(‘ and simple improvomoni w hi.-h 
wonld ho ,!i;ivath- to the axlvanta^il'i- "f (ho patoni .o .dom, and 
wlncJi would not involve tlio iiooossitv id' priiiri;' hi ('omriv,;,,. 'I'ho 
prosoiit syslioin of taking- doposilions in' patonf oaNot ann'miif 
\mry troipiontly, to a snhstmiliai opprossimi of (h,. v^..a|.or lo* 
tlio stroll,i-’or and, invariahly, to a. vorv .-roat and nnm-oo■ ..ar'\ 
oxiHinso. I Im proviimo of the oonrt is oui,staid Iv u.- iirpod h'v 
exports-^ WitiuiBsos arc oonstantl.y asked in room'-d i,, matlon, 
which, lo,i-'aJly, a.re totally iniiniitcrial. 

In my experience, over one-half of the testiiiionv in a, inh.nt 
ease, on an averuK^ is immaterial, and would I,e ruled .ml at a 
trial at Law. _ 1 he reason of this is, tliat the testimony is 
taken hetore an irresponmlalo otH.mi-, witimut power (o rule n,,,,,, 
questions or answerg. Very freqneTitly the hkxamlner in < ulum 


mu iter.' 
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cerv is sul»tM|in‘!i!lv aMaster on the ae('oiintiii‘;\ when he 
iiniutMliatel}' has the \erv powta* ih' riilini»* en the (jiiestitnis wliieh 
iipeit the last !ie:irini»‘ hi* (iiil lint laivc*, Ha* testimniiy so taken 
hefort* him, as Ma>{(*r, is e(nn])t‘h.*nt io rtoa*rse thi* |H‘(‘\'ioi!s de- 
<asinn on tl!** entninu’ in ol his r<‘|n>rl, 1 heli<‘\a‘, of ('oiirsi*, tliat 

ihf }k‘;-! s\ n*ui w«Mjh! I)<‘ a trial nj all patc'iit (*ast‘s in open (*<airt, 
MTn.% linw«'\ t i\ is im|jrat*l ii*a.hle, rovinu'to t hi* la<*k of jinli(*ial foia'i*. 

1 hi*ni*\t‘ (le* ni‘\f ht*s| plan, atni oin* that is pt‘rf(‘('tly 
IVasihli', is that all di po,-.it losis in paii'iit i'asiss should la* 
talvon ‘hefuro a Ma ter av io*fi'ree wiih jiowa*!* to rnli* upon (he 
adn}issii>n i 'f i*\‘eh*tM*i*: am! dial hi> rnlin;^- >hoid<l Im* tinah 
nsdess an appisii slaadi! !»e taken thi*ri‘fr<'ni, w itldn a spiseiliei! 
tiiiii*, to I hi* eourt : am! iiptui siieti appi*al 1 >inadd eivi* lt> tin* 
presailiiiLt' |aniy >idi.-tan!iaI e(>s!s, :-o as {<* pri‘Vi‘nl tin* over- 
liiiriletdiip: i>f lilt* jmlei's wilh n>i'less ami vt‘xalioiis appeals. 
An appe.'d fr<»m the jmlp'ks rtdinii’ to he. of t'onrse, as it does 
tiow, l‘> the Siipreinei’ourt <<( (la* I nitetl States. 

1 havi* m> douht that lla* ini rtMhietit>n t»f this system Wi>uh! 
d(‘<*r<‘asi‘ tlH*<*i‘st of patent lit i.mil ion,, vvhii'h i> now hurih*nsom(‘, 
oVi‘i‘ om* half, and eouhl imt i’i‘?''Ulf m hem*iit both to lifimuits 
and tii tin* eourts. dda* n'i*oi*d,- hoinp’ nim*h h>;- vohindnous 
woulil invidva* imn*h h*.*.- time i«»r (‘i'n:'i<!i*rafiiui in lla* eourts, 
ami (*onsi*fjui’iit ly hu;dne: s <*» td<l lie imn’e i'api«lly dis|><ised oi, 
M’his naHlitieat iiui «*! thi* pr;n‘tii*i* waudd, ! kiaov, troin ilisi'tissiom 
i*e<'t‘i\a* tin* approhation i>( many prondm'nt mi‘nd>er> <*1 tlu* hat*; 
am! it is a <*hanei' wldi*h e<itdil he math* ummr a Siipo'iue ('onrt 
i*id«‘ wilhou! the iH*«*<‘->i{y of enino to ('«meri*>s at all. 

t )f i'iiUfVi*, ! appret'iali* a - tnm*h a: any one, fta* numerous ih** 
f<‘i‘ts id' thi" presi'Ul ;-y>!i’m ; and 1 am suri* that thaJ ^ys^em oueht 
to Ih‘ ('hanip'il in many impertant part ii*u!ar--: hut I llkiswisi* 
h(‘lii‘ve that it i'amna he ilma’at I lie pr«' 1*1*1 lime, atal that tiny 
itilerh*r(‘n(*** h\'C‘oe»i'r‘‘-'>' witls iia' hMimii f.aw i;- nmri* tham likidy 
to nsi-mli in tti:"'a;aer. 

^hnue Uady, 

K. N, i )a li KKsox, J u. 

\\* \sfnXtsroX,, I >. C k, I tee. Iti, jssT. 
Tin* stdtji’i*! id’ Mr. Sfi-narr:' [>aper i»n lU'Oasnm or' 'rnr; !h,\'rr:N'r 
I.AW is an iiiipia'Iani om*, aial 1 ton yiail yitu haaa* t**\ti‘tHle«l ti> 
tin* aJeaml inem!».*r- ‘*f tia* ln>imtili* an ini'imiitm to ^-tair* llu'ir 
vi<‘ws. 

Allow me l»riefly in slati* that 1 haVi* 11*1 faiill to find with our 
Patent lasws, hut that 1 ;slnndil hki* to >«*<*: 

hhusr: d’hat t he l oriunisstiun*!'ain! t In* lv,\amim*r.s .shoidd n*- 
<*i‘ivi* douidi* fln'ir pnssent salaries, so as to imlnei* tln*m t«» stay 
in Si‘rvi(M* lonu’tsr than llH»y ih> now, 

Sr:eoNi>: Thai a Pafmit (’ourt las estahlished, <*onstitutial sonue 
what <m tin* plan of tin* Hnpr<*me (kmrt the Pnittai Slates, 
wlio sljall ih‘eiile all [aitent <|m‘Hfions, and wliosi* d(,*(*ision shall l)e 
tinah 
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Third: That no citizen of a foreign ('(>untry shall obtain a 
United States patent for a longer period than a citizen of the 
United States can obtain in said foreign country. 

Yours very truly, 

E. llinnjNKJL 


Lewiston, Maine, Dec. Id, 1SS7. 

I hope that in the discussion of Mr. .SteuarEs |>a|)er sonn* one 
will again call attention to the point raised in aai editorial in the 
JSleetrwal Migimser for Deceinber. The proliability is, tlnit what 
we shall get will not be what we ask. And them are om* or two 
features about the proposed changes which I ho|)t‘ Mr. St(*uart 
will explain in greater detail. 

For example ; tlie testing laboratory, iii*8t sugg(\st(‘d, 1 btdievia 
by Mr. Kintner, and generally receivecl with favor. I am uiui!)l(* 
to see how much could be done with it without giving to tlu‘ ex- 
aminers tlie privilege of requiring, wlienevi^i’ tlu^y saw' lit, that 
the actual device should lie brought before tlunn, in (aun|)h‘t(^ 
working order. Would not tins in many caises work great hard- 
slop % 

I UTiderstand the Electric light (hinnnttta‘ to riaaunnnnKl a* 
special training for Patent Office employtH^s, similar to that whi(*h 
army officers receive at West Point; but I do luh. rmnemiKu* that 
tliey suggest anything coiaespomling to tlu^ i)ost-gradimt(‘ (*ours(^ 
in Indian fightin^^ taken l)y the West Point bo'vs. It rrmy hi\ 
tliat I radically niisunderstand thcMmininittee, hut it luis stauma! 
to me, that, wlien the skeleton they bring forward shall ha-ve 
been clothed with ;Hesli l)y professi<)TiaI law-makers, it will tid<e 
the form of a govennent school of Patent Law and Appliial 
Science, wllose graduates would r(^(;eive a soi't of Hul>-limit(*iumLs 
conimission in the Patent Officax 

Of course, any plan resenililing this would in tinu* fill tlu^ 
building with men specially trained for their work. Put wotilcl 
tliey not lie likely to be also tliorougli]\' out <»f t(mch ami out of 
sympathy with, the practical life of mitmW world, likc^h' aJso 
to have a feeling of contemptuous dislike for tin* impropcu-lv (‘du- 
cated maj'ority of the inventors with whom they W(mld Ix^ bnmght 
into relations, likely in short, to be prigs, pcMlantH, obstnu^tionisls, 
adepts in the art of how not to do it 'i 

Kesiioctf ul ly you is, 

A I,MON liolONSON. 


Lynn, Mass., I)(X‘. ITfh, iss7. 

Though I regret the inability to attcml tJu^ specnhd meelim^' 
IJecembei .i^Oth, and take part tiierein, I am in h(‘a,riv svmpalhy 
witli any movement calculated to improvi^ our Pafimt' .svst(‘ul 
That it lias some seriouB defects, is less of a, suspicion I ban a fa<*l! 
Just what these are, and how they are tol)e remediixl, is fai‘ nmn^ 
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(iitiiciilt to (letcrnrine. Some of tli(3 of tlie system are, 

liowever, discovered without much difticulty and liave often been 
pointed out. 

Others, mnre diffitndt to locate and more difiicnlt to a])point a 
remedy for, are none the less im|)ortant. 

The wln>le suljject of the relations of honu‘ ])atents to foreii^n 
patents, of the riglits of forei^ai and American inventors cone 
l>arativelj, one to the other, ntH3<ls remodelinu:, in my opinion. 

I believe tliat tln^ standard of what constituttis an invention 
irmst, in tlu^ nafnral growth and development of the arts, ^nidu- 
ally undergo a- change, an (tlevation in such standard. It cannot 
l)e deni(Ml thaf to-day, with the experience and resources wliich 
liavo ai'cmnidated, many things are produced as the Bimj)]e 
result of ima^hanicid skill or skill not involving invention, and 
tliat very many su(*h thiiigs become the sitbje(*ts of |)atents, 
winch, instead of benefiting the pnhli(‘ by disclosure of some- 
tiring new and original, server only to clua'k legitimate growtli of 
industry aaid luirass tlui true inventors. How oftim, nideed, do 
we timl inventors themsedvtss a-pplying for and taking out just 
svadii ])at(mts as involve no invention, l>ut only aggng’ation and 
nie<*ha-ni{ad skill, knowing full well that they must do this in 
Helf-i)rotection, to [>revent being harassed in tl'a^ d(‘velopinent of 
tlurir real invavnt.ions, by the invmrtor oi* yco.sv mechani(*al 

ini])rov(‘r. 

Many ar(‘ th(‘ instanc(‘s in which this is done, ami for jU’otec- 
ti()n the inveiit(>r rnust riot only takeout a iiatent for his inven¬ 
tion, Imt must givM^ the time and imergy and money to taking 
out his ^^/wmitions of r//vo^//cv(‘ntions. h'or instance, one in- 
vmitor tak(‘S <art a [ratent for, say, a <lynamo, beltral or c<ame(ded 
with a. motor, in a. certain combination, and shows tin* two Indterl 
togidfier. Another inventor <»oines aJongand patents in th(esanu‘ 
(‘oudiination a, dynamo ami a motor whose armatures an^ on the 
AY////C .s7n//?. Numerous sucli instauces might he given. In fa.ct, 
I hav(^ a (*as(‘ in mind in which tlu^ prior inviuitor shows hoth 
ladting (og(‘jh(*r two ina<*lunes, and placing tlnnn on the same 
shaft, and using them in a certain eombinntion ; whih^ anotlnu* 
subsiMpumtly g(ts a elaim limited to tluj samtM‘ond)iuation, hut 
with tlui ina(‘hin(‘s oe //o-.s7////e .v/nd* It is not sulHeiimt to sa? 
thatsmdi a- (‘laim is invalid, ht^eausi^ it involv<‘s no invmition ; foV 
the patumt, having Ix'im issued aft(‘r an of its novelty, 

Inis a, e(n*tabi warra,nt n|>on its faei3 as containing inventitm, and 
with llu^ sa,motion of the I^itent Ottiee. 

As a eonsiMjuenec of this condition of affairs, it oftigi hapjams 
that tin‘ intellige.nt inventor, or Iiis attormw, who can ami do(‘s 
discriminate^ as %vhat is invention and what is not, fails to 
claim what tin*. h*ss diBcriminating inventor or h‘ss (*a,r(*ful attor¬ 
ney easily obtains. The result of this condition is to makn* the 
claim (‘.verything,’’ eourse thc^ only safe oin*, assuming the 
Patent Office to be uniformly consistimt in its nvjections, an 
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assumption wliicli is tlieoretically, tliough prol)al)Iy not practic¬ 
ally true, bearing in mind periods of time wirich Iiave given rise 
to clianges in tlie officers in charge. 

There is niDell more which miglit he said, but I will content 
myself for the present with the above refereiKass to what 1 con¬ 
sider a defect arising out of onr patent system, leaving to others 
to point out such otlier impeidections as may Inu'e (/ome to them 
in their experience, and of which I shall be an int(n’est(‘d student. 

I seriously doul)t wlietlier any patent s}’stem ca,n be devu'sed 
which will not, in many particulars, become outgrown in a, imxlerate 
period of years. Our ])resent system seems, in many resp(‘cts, to 
have been so outgrown, and if not revised, will bc‘(*ome mor(‘ out¬ 
grown as tlie needs of the industrial arts di‘vt‘lo]) in nvw lines. 
What was formerly a real invention ht'conn^s, with the gi*eater 
spread of hnowledge and skill, merely the (‘X(‘r('is(‘ of that knowl¬ 
edge and skill to till a need for a new dcndce, a, iummI which in it¬ 
self may notliave existed prior to the. time of its being hlh/d. in¬ 
deed, this stage of progress seems to me to have betm rtNaeluMl in 
certain fields of work. 

lies|)e(dvfidly youi*s, 

Kiane Thomson. 


l>Am'iMORK, Decemlxn* llMli, ISST. 

I regret tliat press of other business |>r<‘ven(s my taking part 
in the discussion on a subject so im])ortaait to tln^ inter<*sts of in¬ 
ventors, and to tlie industrial and (aunmei’cial widfare of the 
country in general, as is tlie movement alxuit to 1 k‘ undertaken 
for a revision of the I'^atent Law. 

That tin’s law is sailly ill iieeil <>f ri^vision, is [laiimt to all wlio 
have had any experience in (‘onnecdion with it, and its j)rin<d]>al 
defects are sufhciently well known to rend<‘r it unmaassary to 
refer to them lun-e, since this featur(‘ <d‘ the subject will donlitli^ss 
receive its full share of atbntion at tln^ hands of th(‘ abl<‘ gmiths 
men wlio are assendiled to <lo it justice. ^ 

There is one [loint in connection with this sul)je(*t, howevcn*, 
tliat I tliink calls for con(*erted action on tlu^ pa.rt of the m<‘nib(U‘s 
of the Institute and inventors in general, inasmucli as it has an 
important bearing uiion the question. 1 refm* to the r<‘centlv 
ratified International Ckinveritii for the lha>t(‘ction of Industihd 
Property, and its relation to tlie |)ro])os(‘d revision of th(‘ Patent 
Law of tile United States. 

The inducenients ArneiT^an invmiiors by liu‘ Patent, 

Laws of *sev'cral of tlie niorci progressivi^ loridgn <*ountri(\s are* 
now coniparatively Hbeaiil, it is but natural that, in view of 
the growing popular demand for invcmtions of mm-it both at 
honie and abniail, the number of foixu’gn pa,tents tak<m out bv 
citizens of the United States has largely imnaarsial. T\w remark¬ 
able and successful progress that lias recamtlv lK'(>n made in the 
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various appIieutionB of eleetrieitj, both in this <^(>unti-j arid in 
Europe, has o])eued ui) a. new and pi-ofitahle field for fiirtlier 
effort ill this direction, whii'h e!e(‘tri<*al inventors in this country 
liave not been slow to ocaaipy. In faet, so ^reat is the s[>irit of 
rivalry and coini>etition in ele(dri(‘a,l nmttei's at the |)res(Uit time, 
that tlie le^al |)rote(rfion of an invmifion in several diffi^rent 
countries is rdniost a. matter of nerajssity in order to i*ender it 
coinmei'cially vahuible. 

It lias been customa.ry for invcmtors in this country to tile ap¬ 
plications for foreio-n patcmts on the sanu* day upon which the 
United States j>atent issiuMf or within a. few days thei'eaftm*. 
This course was necmssary, first, h(‘(atusi‘ of a, provision in flu* 
United States I^aw (Seetion 4,ss7, limdstui Statutes,) limiting- 
the duration of the patent, if tlu^ invention is first patented in a 
foreign country. (As the dati‘ of tiling is also the date of ])atent 
in the [u-incipal fortu'gn <'oiintri(‘s, this fa,c*t has Ihhui </onstru«*<l as 
being sufli(*ient to cause a- limitation of the United States patent.) 
Second, Ixa'aiise in s(‘V(U’;d of th(‘ foiMogn countries a valid patent 
cannot be obtained, if a, d(‘S('ription of tin* invention biaxmies a(‘- 
cessil)le to tlu^ judilie ladbre^ tine spiaalicaition i> rtbciallv tiled. 
The (*.om|)idsory filing of the fonngn cas(‘s bofoii^ tin* issin* of 
United States pat(ait, muhu* tin* provisions just eittal, is a serious 
hardship to th(‘ inventor, btM*a.use it ne(*(‘ssitates tin* expenditurt^ 
ot a large sum fer pat<‘uts Ix'lbia* In* has Innl an opportunitv to 
test the publi(* tneling in I’cgard to the us<*fu!ness or valiu* of bis 
invention, or tin* probalile (h*mand for it in flmst* <*ounfrii‘s in 
whicli he. ])ur|>oses applying for Iettt*rs patent. !<’urtInaanore, if 
an inventor intemis to ajjply for f<u’eign [)ati‘nts upon an invme 
tion pending in the nnifed States I^itent < )tli{n*, In* is <*ompi*l!t*d 
to.alistain from doing so untiUafter tin* various and .'^ometinu's 
tedious delays tluit trc*(|uently oe(*ur befon* tin* ease is finally al¬ 
lowed and ]>a,ss(*d f.o issne. Moreover, an inventor is proliibitt*<i 
during tln^ p<md(*in*y of liis (unfed Slates applieafinn from 
))nl)lishing an a.(*e(mnt of Ins inv(*ntion or (Hseo\<*ry in order to 
pul)li(*Jy (\staJ)lish his c'laim tln‘reto, or for any other jUiriHKSi*, 1 h> 
cause of tlu^ risk of losing or endangering flie validity of tin* 
foreign |>aleiits vvln‘n tin*}’ !ire a|>])Ii(*d (ow 

Aniongthe pno’isions of tin* International (k^nveiition for tin* 
Prottudvion of Indiistriai Property, tin* outcome of a, confen*net‘ 
hehl in Paris by the dt*h*gat(‘S of sev(*ral European countries for 
the pnrpos(* of introdueing c(*rt:ain ndbrms into tin* various pa- 
t(*nt syst(‘ms with a. vi<*w to promoting harmony betwt*en tin* 
saiim, is a. <da.nst* allowing an applicumt in any <me eoiiutry a 
period of six months (an ailditional month lieing ndde<l for eomn 
tri(*s a<*ross tin*. s(*a,,) from the dab* of filing his applieaf ion, wifhin 
whie.h to lile tin* same in any otlu‘r (muntry beUnging b» the 
Union, and that, during sucli period his riglds shall not be* in- 
validat(*d by any publicadion or juiblic use of tire invt'nlion. Un- 
tortunat(‘Iy, whih*, tin* intention of the ermf(*rtmee was good, the 
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clause under discussion does not confonn to tlic irnited States 
patent system, and is directly in opposition to tlie statutes as they 
now exist and in accordance witli wliieli patents in this (*ountry 
are issued. Indeed, it is a question wlietlier, if the rcMamt adop¬ 
tion of the articles of confederation by the* United States are 
binding, tlie riglits heretofore enjoyed by Ainerican inventors are 
not furtlier restricted, since unless foreign ap])Iication is made 
within seven months from tlie date of jilhig in this cinintry, tlie 
foreign patent may he refused or invalidated. If tliis be the case, 
it is needless to say tliat fidly nliiedrnthH of all the (‘IcH'.trical 
eases now on file in the ifnited States l^atent Office ar(‘ deliarred 
from foreign protection in any of the countries of the Union, and 
the electrical division is now about six months behind on new 
work. 

It is clear that such a state of affairs cannot long lie allowtal to 
continue, and it is Iiigli time that the entires [)a,tent systmn, not 
only of this, but also tliose of other countries, be [ihuaMi on a firm 
and reliable footing. This can liest he done by taking steps 
towards properly aniending the provisions of thc.^ Intmaiational 
Convention, so as to adapt the same to the iHaiuircmumts of our 
patent system, and these steiis should Ixi takt‘n eithm* seiiarately 
or in conjunction with the ])ro])osed revision of the Unit(‘d Stales 
Patent Law. Tlie international phase of the ((Uestion will pro- 
balily permit of a more ready solution liy a,voiding the attax'ks 
that may be made upon our |>resent [latei'it system, if tlu* mattm* 
is taken up liy Congress in its local bearing o*nl}', wliil(‘ by having 
proper represeiitation at the next iiiternati<>nai (kinferema^ suffi¬ 
cient progress may lie made to introdu(*,(‘ a, numlier of important 
changes for the better without the ne(*essity of rc^-opening the 
entire subject. 

Witli regard to the changes to be mad(‘, I would r(*s|>ectfully 
suggest, iirst, that tlie latter part of section ‘LS87, liiwIstNl Sta¬ 
tutes, before referred to, be stricken out, as it is of no pa.rti<*ular 
advantage and is detrimental to the interests of Ameri<*an as w(dl 
as foreign inventbrs. Second, tliat that axrtion of tho 
national Convention relating to the grant ol‘ a, |>(‘riod of six 
months from date of tiling in one country within which appli(‘a- 
tions must be tiled in otlicr countries, lx/a,nu*nde<l so as to allow 
applicants Pwdve nmdhs fma the date of judiHoofitm of the hi- 
vmMon in any coimtry of tlie Union, <lnfing which Iho uivtudion 
yd 11 be protected as at present pr()vide<l fdr. Idiis will givc^ an 
inventor one year of his inv<mtion, wlHdluu- as a 

patent or in a newspaper, within which to tih*. his foreign appli¬ 
cations, and would also enable him, if he so (h^sired/i.o mal<(‘ 
foreign applications during the pendmicy of tlu^ United Stales 
appliciatiori, which is sometimes of great im))ortan<‘(*, c‘spe<dally 
iucaiseof any delay in the Iluited Stutes <)lHc(‘, as in th(‘ (*v(uit 
of interference nroceedings and the likex Anotluu* point, that 
inight hcn:ou<ffHKl upon in an international trc^aly is tlu^ abolish- 
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ment of a.nrmiti(‘.s, and if ixiBnihle, tlio fui-ther rechiction of foreign 
patent fcH\s. Also tlie erasure of all laws indating to tlie Wi)rk- 
ing-’ of pa-terited inventions witlu'n a s|M‘(diied tinie. It is to the 
selfdntavrest of tlu^ owiu‘i*s of a pattait to v'ork the sanu* as early 
as posBihle if it is worth working at alL 

V^ery resj>e(*tfully, 

hhjAs E. Him. 

Ni<:w York, Dec*. ::it>th, LSST. 

I regret very inneh tluit I shall he unable to he* pn‘Si‘nt at tlu* 
reading of Mr. 8tiUiart\s j)a|)er cui tin* lievision of the* IhitcaU; 
laiw, a^ listen to the diseussion that will follow. Tliesule 
jeef; is oncethat {*a4in()t fail to c/onunand attcention from all who 
are interested in any wa,y in inventions, and c*s|)ec‘ially t*h‘c*tri(*al 
inventions, d'he growth of the* ele(*tri<‘al arts is so *r(‘(‘(*nt that 
its-history and its causes (*a.n 1 h* traca/d with cMunparativc* cc*!**- 
taiiity; and no om.* wlio has made tlie slightest iiujuiry in tliis 
direction, (*a.n havci ndssed tlu*i con<*lusion that our j>atc*nt systc*in 
has h(‘(*n the* most ininortant faetor in the* <h*ve!opmtmt <h‘ flu* 
arts of (‘h‘c*tricity- T<> su(*h an (extent is this the* c*asc‘ that u- 
trne fritmd of the* cause* might wcdl d(*pr(*(*at(‘ any changes of tin* 
law, certainly any sw(M‘|)ing om‘s, us ht*ing fraught with more* 
dangcu’ than the* |)r(*sent c*onditi<m of things. Ida^rt* are, li<»W’' 
ever, enrtain matters of Patent Oflice administration that ought 
to he ((orr(M*t(*d, and therc^ an* (‘(*rtain tendenc*i(*s of h*gal int(*r'» 
pretation, adviu’se* to patents, whi(*h can only he set right hy 
a,nu*ndm(*nts of the* statutes. The* ne(‘ds of tin* lkit(*nt Oilict* m 
the way of room and (*xainining and cleric‘al forc*(*, have* !H*en 
long a,ppr<*ciat(*d hy irtventors, and, for that inatttu*, have ht*en 
forc(‘d upon flu* ait(*nti(m of (tongr(‘ss !»y (3V(*ry <ounmissioiier 
for the last, tw(‘nty y(‘ars. 

How to make* tlu^ practice* of the/ of!h*e uniform, is amBlnu* 
()U(‘stion of gr(*at importanee. One (kmimissiom*r, at haist, Irital 
to a.<*eomplish this hy hundug a eoiul of eonsultatioti within tln^ 
oiliet^ its{*ir. I)is(*ussi<ms wen* liad lH»twe(‘n the difh*rent (*x- 
amiimrs in tiu* pn*s<*n<M* of the Oommissioner, aiul lu* gHV(* the 
full inllu<‘m*(* of his autliority to luauging them tn harmony, hut 
I umh‘rstaud that vory little <»ame cd' it. I 1 h*11c‘Vc* tluit'soim*' 
thing in tin* nature* cd‘ tin* Patent Ocuul, prop<ts(*d hy tin* 
National Kle<‘tri(* Eight, Associatnui, is tin* h(*st thing y(‘t hnaight 
forward for sc‘curing tin* r<‘snlf. 

T1h‘S(* u(id cdlnu’ matt(‘rs of impculama*, will no dould he fully 
dis(*usK<‘d at tin* nu*(*ting touiight. 

Anot,lit‘r thing, how(*v(»r, whi(»h will la* ealh*d to y<mr nttejo 
tion, s(*ems to me c»f supreme imj>ijrtam*c*. It n‘httt*s to tin* 
tr(*nd of n‘e(*ut < k)urt d(‘eisions in redssm* (*asc*s. I <lo not ndVr 
to tin*, two vixirs" limitaticm, hut to the di<*tum tluit h?i invt^utor 
is presumed to dcalieate to the pulilic all that tin* incapacity cd' his 
attormw or the stubhornness (d* thc^ (*xanum*r <*nuH(*s to la* l(*f( 
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out of the claims. Down to the present tiiiie, tliis hris been as¬ 
serted only in re-issue cases. Carried, however, to its log’ical 
issue, it would apply also to original ])atents and woidd eafl foi* 
a strict interpretation of erery |)atent ('hiiin, b}' itself eonsidtM'ed, 
and without regard to the Bpecitieation. Idiis, if not idready the 
conlirmed rule of interpretation, will be the inevitable resnlt of 
the present tendencies. The (dtiini nmst staiul by itself, and, 
whatever the specdhta^^^^^ may say, it will not broadcm a claim ; 
everytliiiig not clearly claiined, will be regardcal as al)andoned to 
to the public. Two citations will show what 1 mean. ^vihit it 
must be renieml)ered that the (daim of a, s|)(‘(*iti<* di‘vi(*e av (*onn 
bination, and an omission to claitn other (honhavs or ('oml)inations, 
apparent on the face of tlie patent, are, in law, a, dtalicaition to 
tlie public of tliat wliicli is not (daimed. It is a (hadai*ation tliat 
that whicli is not claimed is either not th(‘ patt^nttafs invcmtion, 
or, if his, he dealica^^^^^^ the |>nblic.'' Milha* r.w 1 >ridg(‘|>ort 

Brass Company. 

And : Itis doubtful wliether a risissne pabml (*an b(‘ sustaimal 
in any cases where it contains claims that have (ana* laam form¬ 
ally disclaimed l)y tlie ])atente(‘ or rt‘j{‘(‘ttMl with his ac<jnit‘sen{a‘, 
and he has consented to such rejecdion in ordei* to obtain his 
patent.’’ Leggett m. A veiy. 

JNow, what I wish to say in view of all this is, lhat it is unjust 
in the highest degree to bold an inveiilor r(‘sponsibl(‘ IV>r’the 
errors of judgmeid or the obstinacy of Ifalsmt ((*xaininers. 

I do not believe that any just (‘oniplaint (am \n^ nia<l(‘, if in¬ 
ventors are held strictly ac(*ountal)le for tin* mistaJ<(*s or imaipa- 
city of their soli<a‘tors ; this is a. matt(‘r tiny must, sin* to for 
theniselves. But it will g(> hard if tht* (lownamnmt do(*s not 
also make itself responsil)le for its own i’(‘pr(‘S(*ntjifiv(‘s. WInm 
a man puts in an a|>plication with narjanv <daims ainl nmk<‘B 
no attempt to gut more, l(*t him snlTer for it, unless In* tak(‘S 
s])eedy measures to rennaly the n(*gh‘<*t. But wln‘n the lan'ord 
shows that an inventor has*asserted his cdaims with enough p(*r- 
sistenca^ to prove himscdt in earnest, it (a‘rtainly should not lui 
charged to his acajount, if he is compi^lled to a(»ce])t l(‘ss timn \m 
deserves. Nor should it Ixi ne!(H*ssa.ry lor (*V(*rv inV(*ntor to (airry 
his ca.se ])y successive a)^ to ‘tin* (hurt of hist, resort; it 
sliould be sufHcient tor it to app(‘a.r tluit he yi(*!ded to a. c(mtirmed 
practice of tlie otfixa?. 

There should be some law framed to ma.k(^ tin* (ioV(‘rnmc*nt 
entirely responsible for any abuse of pow(*r or any false judgments 
relating to jiatent applimtions on tln^ part, of (‘xaminers. 1 
would have tin’s extend also to cases of fraud. Itis not. good 
nniralsand ought not to he good la-w for om* party t.o a, fraud to 
repudiate the (X)nse(iuences of it. Whemnnu*, lo' naison of frauid, 
a patent issues to one who is not the hrst inv(*nt<n\ tin* wrong 
<mn be righted by legal means already i>rovid(‘d. Itut, wUoWu^r 
tliere lie fraud or not, the (xovernment (amnot justly dis(*laiin for 
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itself a, res|)OMsil)ility which it insists upon on the part of the 
inventor. 

Tlie jiijustice of the |)resent niliiio- is ajvpai-ent when <hkmh‘- 
flects that it is often iinpossil)le to i»'et from the otlica*. ('hiims 
eo-extmisive with om^'s inveiitien, and that there are jxmalties 
for delay in the |)rose(Mition of an a|)pli(‘ation. 

ltes]>e(*tful! v\ 

it, H. Stock iiRnHJK. 


PniLAniaaMiiA, J/a., Deceinher 21st, ISST. 

It was my intention to hav(‘ s])oken at the meetini** last ni<;‘lit 
on the ])at(mt <jU(‘sti(ni, hut I was so eni>a*ossi‘d with what othm's 
were sayino-, that I had for^’ottim that time wns rapidly passing*, 
and Ix'fori^ I realiztxl it, it was t.oo late*. As 1 ha,v(‘ had some tif- 
teen years (‘xpinatmet* in palimt matters, not only as attermw, l)Ut 
as invcmtoi’ also, (having’ a.t pn‘sent idjoiit ;ti)oo Haims <d* my own 
pendinij;’ hehna* (lu* (‘h‘<‘tri<‘al division alone), I writt; you the 
following-, aa 1 understand yon will puhlish tin* letters/and mv 
views nniy hi‘ ol som<‘ ns(‘ in rinm^dyina’ tier pres^mt <‘xistin^* t‘vil. 
I l)elit‘V(‘ {h(‘ entirt' <l(‘f\‘et lit^s in (his Patent iHVicv. It is seldoin 
inventors ohtain what tinw are (nditliMl t(n inaxiuse, they are de¬ 
nied tludr ri^’lits hy iiu'omjnttmt (‘xaniimu's wln> Iiave no (‘ajKieitv 
for giving;’ju(li(*ial (hadsions. I hav(‘ Ixani tryina* for years to a’(*t 
some of my numerous inventions pndraded hy [Kitmifs, Imt it is 
a ditli(*ult task, in one instaina*, I have h(*en prose<*ntina a new 
ainl orittana.l invtmtion for !un(‘ y<‘ars and have not, as yet, Inanj 
able to !md<(r t;h(‘ (‘xaaniinn’appnadati* the iiivimtion or iijcrant mc^ 
ade(piate <daims lor its prote<dion. It Inis been Indore nnnnnauis 
|)rin(*i|>al (*xanuners, all of whom have rid<‘(i iii radi(‘a!ly dith’nmt 
manners. In aiiothm’ room, it took mi* six months in ajT^uintr a 
ca.se to conviina* an examiner of one of the simplest laws in |i'hv» 
sics. In anotiun* <%'ise, winch I a|>pealed to the (Commissioner, 1 
have wait(*d sevasral yis'irs without jLtettint*’ a. ihadsion, tin* cast* hav- 
iufj:; l)een hefort* thrt'c <'ominissiont'rs, ami a voithstl by t*uch. Ir* 
another inslanct* I have waitml just about out* year for a (h‘cision 
in an int(‘rtt‘n*nct^ cast* whi(*h should havt* h<*t‘n u'iven within a 
week at huist after tln^ ar^umt*nt. My expt*rienct* is that tin* (*x« 
ainimuxs are not tpndifhal and mwtrr will he* to sm*h an extent as to 
inv<‘st in tinnn the |)ow<‘rs of ju<li<‘ial (h‘<*isions. 

My i<h*a of tin* Paft*nt system in tin* Pat<*nt ( Hliet* sliouhl In* as 
follows: 

Tint present jtratdice is li^ood in its intents anti purpoM>s and is 
tin*. h(*st in tin* world. Tin* examination should n(‘\(*r la* aho 
Iish(*d. 1 have thought of many plans, hut tin* hdhnving is tin* 
oin* I d(*t‘m mosl. lair aaid devoitl of ohj<H*tiona.hle featurt'S. 

An invamtor (not |>romoter) must. pr<*part‘ Ids ap[)li(*ation with 
all tin*. eu.re with whieli it is now preparetl, a,ml in all mat<*rial n*- 
spects the sann*. g'Ovt*rimn*nt bn* to ht* 
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$5 instead of $15. The aiiplication is then exaininorl -x 
merite, asisnowdone; hut with more care oil the parKM " 
examiners, who must cite «// tiie pertinent ivfenu.cd' fLw 
' The applicant can then amend, if he thinks proper, ami u ini, 
he application is passed to issue. The hnal fee shl,„ Id S 

to print the imtent, and all of the nfen-aar noUnt^ a V 
Limited upoti the face of the 'patent eolena,./ Ih- lin'sVneTn ''' 
one buying the patent can see for lu-mself the si'-ope of I 
use Ills own The inventor or ^ f ui enn 

any claim they thought right and eliminate ,lr :!II,e,?d?,lIlv 
upon which there is no doubt of antieipation 77 ' 

umdd have no eption in the matter, as should be 

cases they are incompietent to )ud.m • hut anv invoto i" 

much is liable to luake his pLnt invllhi i' • • 1 

if the foriner, he would lose costs in any suit as is* m'w t 

with any invalid claim sued upon Tin* onow 

the only-hotwoe., ll.e pllie e„, e .h;::'.'"'' 

the pteiit. The interferciiee I»-,«.ertL,f , 'If""'"';'"* 

to prove priority of invention when two ■n.o - o; f 

mg the same invention were pendin..* ■ fi ’ 

the time consumed in an (axamim m 1/ ""“V.' ""'i 

inventor every opinartunitv for -i f.;.- , , ’ f 

o.% , Wl.er„^ a ',l«tc„; iL h i™., T I',' 
tor claims the same thine- he m*,v ,at ,' i- ‘'“"ther inven- 
siste, but it will I,a™ ti,;:’ ,lft..; .f ; »' 

upon ite (acu, and by M, ,n»;,r i,; i'™''- l»'p« 

-.-'V W„,r m 

has no control. By this svstnrn '''''' yc///r// /o* 

published and properly iilaced r,« "r!- 't '" inventions 

•ud the eh.,,!, "''if ... 

the Patent ()tli„.. 'ti'.I, ,1 Sf St '■•'■“hua nf 

that the appeala oTi th<. natita iii -ni • *' "7"* ' 'i- ‘‘'''‘'('t 

not exist. The examineivax. i i' ' “Pl’inaition won hi 

really eapalK L";:"f'",'- 'f .. 

1 hey should have no indhaal iiow,*,..^ >• hmling (he relerences. 

cation other than to ciLarlv expross ’(he!, *•'* »P|>liea. 

record m the tiles. •’^pitss tin ,, opinion as a matter of 

made. «« mair perfect as it ,.„uhl be 

because m many instunces the ai>plic-m(’' 
invention, often shows (.thtn- nvS b. elm.nhp,. his own 

mg any attempt at claiming t m f ^vithout male 

to re-issue witliout the conger t of + 1 / ■ were allow,-d 

doubtedly take advantage of thisst-de !f'*i(r''-“"\* 
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tliat it was always iiiteu(le<l, and sliould he so construed that 
there will h(‘ no limitation it tlie Anieri(ain patient is (tjiplltil fuj* 
heforc' the applicaition for the foreiiz:n patent. 

I am in fa\au* of a. siiitahh^ Ihdamt < Vairt, hut oia^ wlii(*h shonld 
oidy act on (aises in matters involvini;* int(‘rleren<*(‘ questions and 
suits appiaih/d fiaun theChnaiit Courts of t!u‘ luiited States. 1 
am strongly opp<»se<l to any systmn whiedi will comjxd an in¬ 
ventor to tako ap|H‘als to obtain that whi('h he knou s to h(‘ new, 
and wliitdi he has inventiMl. Put tlu‘ whole* i*isk upon him and 
Ids attornew, with a full ree'ord of tin* |)ate‘nts showing' (he* ml; 
printeal upon the* fa(*e‘ of the* patent, and 1 think that little* ti'oultle 
will arise from edaimin*;’ too mmdi, ami nearly all of the* tronhhi 
e)f claiming* too little* will he* ri‘mov(*d. The* 'Supr(‘mc‘ Court and 
the Commissiom*!’ of lhit(‘nts slmuhl he* re*He‘ve‘d {*ntire*ly from 
judi(*iaJ dea'isions upon <pi(*stions of the* merits ot an a()|)licatiem, 
and the*. e‘xajnine‘rs-in-chie‘f eaudd we*!! he aholishe/d if sm/h a 
Paleait (^uirt (‘xist(*d witli the* removal of judieial powers from 
the primary exaniine*rs. 

Ve‘rv truly, 

\i. M. IICXTKU. 


Nnw VouK, !)i*<*. 1th, issT. 

In re*sponse* to your r(‘(|Ue*st for an ex])r<*ssion of opinion on the^ 
‘"lievision of the* Pa.tent Law,'" 1 must conf<*ss that the* re‘form of 
the pate'iit syste'iu has not imj>re‘sse*<l itself upon my minel as om* 
of tlu* cryin^U,' m‘eels e>f tlie* elay. Certain see'tions of the* Pahmt 

laiw, sue*!) as se*(*. jssT on tlu* limitation <d’ the* terms erf Ih H. 

Ihitnnts l)y hore*!^’!! Pate*nts pn‘vieuis!y ua'auteMl, ami se*c. Ihlh on 
re-issn<*s, Imve* pe‘rliaps se*e*nie‘d te> work seam* injusti{*e in im 
dividual (*ases, Imt tlie*y are* the* e‘X<*(*piions, I tfiink, and m> 
liumaamna.de* law is so iM‘rft‘(*t as tee we>rk ahseduft* justie*e* for all. 
I have* r(*ael (*riti(*isms from time* tee time* on snp|M*es(*tl de‘lVeis in 
tlu^ n, S, lhite‘nt Law, as it stanels teHlay, hut none* e>f those* 
(U’itie'isins has nuuh* it ve*ry <th*ar how the* law is to he he*tt(‘re‘el 

in any vital re*sp(*e*t. For my part, I de> not re*eoa-niz(* the* 

nro’eiK'v Ihr, or tin* aelvisalulitv of (inke‘rin;L'’ at the* statute‘.s. 

* With r(‘<^a,rel to the* proposed "Clill te> Kstahlisli a Commission 
to I\(*vise‘ the* Pat(*nt Laws <d’ the* Fnitee! State‘s,'' 1 have* not, for 
the ahena* rt‘as<>ns, a,’iven the* suhj{‘(*t very serious e*onside‘rati(m. 
I may say, howt‘ver, that neithea* the* mHa*ssity for, nor the* use‘-» 
fidmss of sm*h a. e*ommissi(»M has e*ommend(‘d itse*!f to me*. 

In al! prohahility the ine*mhe*rs a|qH)inte‘<I im this Commissiem 
weudd lx* nu*n who wouhl come to their task, mena* or h*ss iu’jmr- 
ant of Pate'nt. Law, and the little ti)(‘y wotdd he* ahh* to l(*arn of 
the} ni<*(‘tie*s of that law during* their l)ri(*f te‘riti of otliee* wemld 
imt nutke* tli(‘jr pre)pe)H(‘<I re‘vision of it erf gre*at value*. 

Whah‘ve*r the‘ir r<‘pe>rt and whatever their propos(‘ei hill might 
he*, how(*ve*r, the} wlude KiihjiHtt would have^ to he* fhrasheel <wt*r 
again he*fore‘ (he (krirriuitteexs on Fat(*ntsof the* House* and Se*naf(*. 
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Wily should not those 'who are to edify the Commission, submit 
their views to the Committees on Patents of the Senate and House, 
in tlie tirst place, since those committees exist for the same pur¬ 
pose as that for which the Commission would exist ? The pro¬ 
posed Commission therefore would only be an incumbrance 
(expensii e in both time and nionev) in the way of reform if re¬ 
form IS needed. 

Truly yours, 

Hubert Howsox, 

of Howson & Howson. 


New York, Dee. 22, 1887. 

I enclose a summary and dissection of the various amendments 
to the Patent Law, first submitted to the Senate and House 
Coiiunittees of the 4Sth Congress, together with the authorities 
for the several amendments. This plan of dissection has been 
ound convenient to those members of the Committee who have 
not time for entical consideration and comparison of the several 
provisions of the proposed amendments. 

f, ^ ™ost interesting point, which was in fact the essence of the 
Tranime ease, ' which did not obtain presentation at the hearing 
before Judge Blatchford, but upon which he subsequently com 
® ^ I’e-heariug of the case, is this. It was determined that 

tae umted btates Patent was void, having expired with the 
earliest foreign patent,” which was the Austrian, a “secret 
patent, so-called, and counsel contended that lecause the patent 
wasseeiyt, that therefore it was not “patent,” or due notice or 
pub ication or anticipation as to the United States inventor. But . 
in tins case the inventor was the same, and the secrecy of the 
.X '“slrian jiatent was not material. This theory so nearly "approxi¬ 
mated the real merits as to obscure them, the fact being that the 
so-called secret patent of Austria is not a patent at all in the 
sense contemplated by the American law. It is merely a caveat, 
and imtil a patent is published under the forms of the law, it has 
no o ei operation or force than a caveat, and if never published,- 
It never acqmres the characteristics of a patent 

Accordingly there was never, during the life of the Austrian 
1 amine patent, a moment when G-ramme could have stopped the 
manufacture of his machines, or collected royalty or damage from 
any manufacturer, any more than the American inventor could 
obtain such protection for an invention as to which caveat had 
been filed, but a patent never taken. 

The mere labeling of a foreign caveat “patent” or “brevet” 
ought not to invest it in Ameiican law with qualities which it 
does not m fact possess. 

Yours faithfully, 

Eowlaot) R. Hazard. 



COMMimiOA TIONS. 
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Mr. Frank It. llar<1in^ |)resente(l a very earaest trilmte to tlie 
iiii|)()rtanee of the* patent s}'st(‘in in \v]ii('h he ai-gned tint the 
fntriro welfare <vf the (*ountrv <!e|)eiHle(l in a, ^reat nieasiire 
upon the perfe(‘tion of our patent system. That tliere sliould he 
a separate d(‘partnu‘nt of patents l>eeaus(‘ t!u‘ systtan was self- 
snpj)ortiii^; that the (lonmiissioner. Assistant {d>inniissioneia 
primary and assistaait (examiners and examiners-in-ehief shordd 
liohl liiV‘. i)ositions. 

lie (*ritieis(‘d the faulty <']a,ssiti(*a,tion in tlie oilhaa <‘Iaimini;* that 
unnee.essary and sm-ions ditays ocamr })y reason of a (‘ast* htuiya’ 
first plaeiMl in a. wrong division where it may he |)ig(‘ondiolod hir 
six months, mid is (‘xaniine<l in its rt^guhir eourse only to he 
transferred to another division where it is again delayed.* 
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Si»Eoi Ar. Me ryrrN(L 

Tlie twenty-second meeting of the Institute was held at (he 
House of tlie Ainerican Society of (tivil ErigiruHa*s, No. 127 
East 23rd Street^ New York Oity^ Jamiary lO, 18SS, and was 
called to order at 8 p. m. l)y the President of the Institut(\ Mr. 
T. 0. Martin. 

The The snl)je(‘.t whicli we have Indnre ns this 

evening is of a very inten^sting natuie. Tlu^ }>a,i>er is \>y Mr. 
Willard E. Case, of Anlnirn, N. Y., and is (‘ntithrd, '•" Idca'trieal 
Energy from Gaiiion without IleaU’ In the ahsiau'e of Mr. 
Case, it will l)e read by Mr. Mtiillonx. 


ELECTRIC ENERGY FROM CARBON WITiiOlU' 

HEAT. 


BY Wnj.AEO K. CASK. 

Tlie following exiieriments, iindertaken l)y the author, may f*e 
of interest as indicating the way in which the <*1 h‘hi) genemtion 
of electrical energy may |)ossil)ly lie brought tilamf . 

In the first exi)eriment, an element was formed through which 
heat energy was (‘.onverted into electricail mmrgy^ in wlntth the 
correlation of forces is beautifnily illustrated. 

It is a sort of voltaic battery, in whicli 'i>lates of tin ami 
platiimin, forming the electrodes, are imtnerseil in a solufion 
chromic chloride, which has no action <m the plates at ordiiiarv 
temperature, so no current is generatiHl The cell h hiuanetic- 
ally sealed, and when heatiM the liejuid becomes a(*tiv(*, and part 
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of one of its elements, clilorine, leaves the chromic chloride, goes 
over and temporarily combines witli tlie tin, forming a proto- 
chloride of tin. The chemical action generates an electric ciir- 
reiit, but soon the tin is all converted into chloride, and the current 
ceases. When the cell is cooled, this temporary coml)ination of 
tlie chlorine and tin is broken up, and tlie chloiine returns to the 
chromium proto-cldoride. The tin being set at liberty, falls as a 
metallic precipitate to the l)ottoni of the cell in the form of 
crystals, ready to rencAv tlie comliination when the cell is again 
lieated. TsTone of tlie materials of the element are destroyed, they 
last an indefinite time. The chlorine changes from (chromic 
cliloride to.tin and back, as often as tlie cell is lieated and cooled.' 

It is Avell knoAvn tliat the voltaic battery convmis tlic‘ |)otentiaI 
energy of a metal directly into elei'triiaty, without hi'af. 1108 
cell, similar to the voltaic liattery, (‘onvmds heat into ehM*tri<*ity. 
The voltaic liattery ai'ts at ordinary tcmiperatunAS, giving up ah 
the energy stored in the metal, ami tluu*(‘ is th(‘ (‘ml of it; whil(‘ 
this cell acts only when heat is a]>|)li(M! to it, (*onvm‘ting |)art 
of tliis heat into electricity. Aftm* the tin has ah lK‘en (*onv(‘rted 
into chloride the cell Ixjcomes inert, no matt(‘r how mm'h more 
lieat be apjilied. The cell must then lie (‘ooUmI to get this tin 
l)ack into the metallic state, so herc‘ it is m‘(a‘ssary to liuv'i‘ a 
difference of tenijieratures, the tin and liipiid being simply a, 
meclium by which lieat is traaisformed into i‘lt‘ctri(* em'rgy. 

It will probaldy lie found that the solution ol‘ tluA tin alisorlis 
lieat, ajid so tends to cool the liijuid, a.ml the pr(3(*i])ita.tion d(‘-- 
vehips heat, an(l so tends to warin the liipiid, and that, tlie^ pari, 
where the solution occurs must be kept wa,rmi‘r than that where 
the tin precipitates. An investigation would |>roIaibly sliow that 
when electric currents are generatixl th(‘ ]u‘a,t absorbed by the 
solution of the tin is in excess of that geiuvrated l>y th(‘ pr(‘ci|>ita'- 
tion l)y the eijuivahmt of tlm (‘kxdrical energy dm-elopt'd, a,ml that 
the possil)l(‘ excess is governed by thi^ si‘cond la.w <d’ llnumio- 
dynanries. If the cell works lietwtam and 1S0“ th(‘ hh 
M. F, at the liigher temperature is aliout 0.2b volt, llu* (tli- 
ciency is less tlian 10 per cent., as the possibles (Oru'imu'v 

— from alisolute zero, or . .lo7. 

I ^ mw' 

In faetj^this cell is a heat engine, analogous to t,lu‘ tliei’niopile 

^ This ceil has been described in Proc. Roy, vSoc, No, 244^ 
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which is said to convert only 2 per cent, of the energy of tlie 
coal into electric energy. In practice prol)al)ly notliing like 1(> 
per cent, could l)e utilized. 

It is an inexoral)le law of nature, that under the conditions in 
whicli we live a great waste must accornpany the transformation 
of heat into any otlier form of energy. In the condensing steam 
engine it reqiiires to coiidciise the steam four or live pounds of 
water to every pound of steam. Three-fourths the heat used 
goes to warm that water, and is wasted. In liot air engines or 
gas engines a cold water jacket must he used, and to it goes th(^ 
larger sliare of the heat employed. In the therniopih* om‘ set of 
junctions must 1)6 ke])t cool hy circulation <»f air or watm'. in 
Edisords pyromagnetic generator the iron tubes must he <*ooIed 
hy a blast of cold air. 

By the second law of thermo-dvnamics th(‘ minimum amount 

of heat that goes to this cooling agent is the i ruction ol tlu‘tO” 

tal amount einployed, where / is tln^ t(un|>m*ature of the ('oo!t*r, 
reckoned from the ahsoluh^ zero, a,ml 7'tlu^ higlna* tinupm’atme 
of the working sul)stan(‘.e; / cannot he less than ahout so 

the nunierator of tln^ fi*a,(*tion is always la.rg(‘, and tin* luait \vast(*d 
is the larger portion. Understa,nd tliat this is a, law of nature; it 
is inevital)le under the conditions in whi(‘h wi‘ live. No cun 


ningly devised fin*na(‘.e, or IVhmI watt*r h(‘aler, or (*utoil, or triplt*; 
expansion ap|)aratus, oi* |>yro-generator (‘an sav(‘ this h(*at. ddie 
most that any of these devices (*.an do is to sa,v(‘ what would «>then 

wise l)e wasted ovan* and ahovc the |>roportion Hut ar«‘ Wi‘ to 

go on wasting rdl this energy of fuel '^ ( 'annot sonu* nnams In* 

enipl()yed to utilize it? We know that the voltaic i>att(‘ry is not 
a case of tlu^ transf(>nnati<>n of Inait into tdedricail (‘langN'; it pne 


duces elcHitricail energy dinKtly. Thc^ scaumd hiw of tlnaanodyna 
micB does riot apply, as no luatt appears. If w(‘ candd t‘onvm‘f tlii‘ 
chemical energy of <M)al and oxygen into e1(*ctri(* mimgy, <lin‘c11y 
and cheaply, we would do away with all our Kt(‘am motors at 
once. Thei‘(‘. is no known reason why a- cli(*ap suhstniua^ may not 
he found whicli will a<*t on (mal aiic! devidoj) el(‘ctri<* cunamls in 
place of Ireat. This elecdric energy would he tin* tapiivalent oi‘ 
the heat energy tliat woulcl he developed liy tin* comhustion of 
the same coal in the ordinary way, and could transfoi‘nu*d into 
mechanical power, heat, light, etc., with small loss. 
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So far, little progress lias lieen made in tliis direction. Some 
time ago, Jabloclikoff pi^xliiced a liatterj in wliicli [iJates of 
carbon and iron were immersed in fused nitre, lllie eMrl)on lieing 
oxidized, fiirnisbed strong currents. Tlie ol)^je(*tion io this ele- 
iiient is tlie generation of heat tlirorigli local action. ^1\> it the 
second law does not apply. Another exjieriment ol moo; intm'cst 
tlmn the first, is an illustration of an element whiidi is not aile(;ted 
by tlie second law, as lieat is not essential to its operation, "riie 
energy due to the complete oxidation ot (airl)oM is coiiN erted into 
electric energy directly. 

In a glass cell containing snljdinric acid, (Ih Hp. tl*’- h'^l, 
temp. 75 Fall., two electrodes were immersed, one (►f platinum, 
the other of lump graphite ; only a slight K, M. F. was indicaited 
(FOOT volt, due to the combination, the gra|)hite mating as a, |)osi- 
tive element; on the addition of a small (juantity of (ddorate 
potassiurn to tlie acid, the E. M. IF immediately ros(‘ to O.S volt, 
tlie grapliite being disintegrated aftca* a tinua dliis (adl polari/aal 
rapidly, which was partially prevent(‘d by iiu‘(dia.ni<*al means. Tlie 
reaction of chlorate potassium with sulphuric' ac'id may b(‘ rc/prcs- 
seiited by the following (‘(piation: M IvdO;,; (chlorate; of potas¬ 
sium) -f- 2 ILS ()4 (sulphuric acid) : ^ 2 (d<o (pm-oxidt; of ('hlorim;) 
4- KClO.i (|)erchlorate i)ota,ssiuni) | 2]K IIH()j (acid sulphate; of 

potassium) “f- 1(water). 

A method of exclusion was aflojited to ascau-tain tin; oxidaJit of 
tliis electrolyte; chlorine |)er<>xide ((llOa) Jtppea,re<I to lie the only 
active agent. It is decauniiosed liy the carbon, chlorine? being 
evolved with some oxygen. It was assum(;(l that in this cadi 
grapliic acid (CnH.i()r,) was formech as the rc^sultof the; c'lu^mic'al 
actions. There is prolialily niuch waste of (mergy through loc'al 
achion, as tlie clieinica,! reactions go on when thcociremit is open, 
but to a less extent. In another expcnhmmt an (?lectrolytt‘ was 
formed of sulphuric? acid and c'.hlorim; pc?roxid(‘, tlio gas Ixung 
formed in. a retort by the action of sulphmic? acid on chlorale 
potassium, and conducted over into the? aend in whicli it. was dis¬ 
solved. This cell, with a positive; clement of gnijihite, oppos(?d 
to platinum, gave an K. Mi F. of 0,7 \a)lt." 


* See Q. J. Chem. Soc, Vol, XII, 

Great care must be taken in tn.; preparation of tins gas, anil eH|)lo<les at a 
temperature of about 140 ^ F. It ean be preserved in ilie dark. And is iiecam- 
|)Ose(l by sunJiglit into its component ports. 
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A similiar combination was used with a solution of chlorine 
peroxide in water as the electrolyte. The E. M. F. assigned to 
these cells is only approximate, as it was found dependent on the 
quantity of chlorine peroxide in solution, which was constantly 
changing. The resistance also varied with tlie different degrees 
of concentration of the exciting Unid. 

Different forms of amorphous carl)on were snl>stitnted in place 
of graplnte in the first form of cell, (xas carlxm gave an E. M. 
F. 0.007 volt when opposed to platinum in snl])huric. acid; on 
the addition of chlorate potassium tl>e E. M. h\ rose to 0.,') volt. 

Carbon, produced by the action of sulphuric acid on cane 
sugar, in this experiment, gave an E. M. h\ of O.d volt. 

The carbon of animal ehai’coal, wood charcoal, colce and 
anthracite, gave an E. M. F. variable with each form, ranging 
from 0.3 volt to 1.2.^) volt. The measurements of E. M. F. of 
the various combinations were made with the electrode immersed 
in separate parts of the same solution, that the, c.oncentration of 
the liquid and (piantity of gas in solution might be as nearly 
e<pxal in each cell as possible. It was found when the carhon in 
comminuted form was c.ontained in a porous cup, that the com¬ 
bination gave an F. M. F. of 1.24 volt, ap)>arenth’ due to tlui 
presence of the oxygen of the air. 

It is impossible at the |)res(mt .stage of: the*, investigation to 
assign any definite value of tlie E. M. F. to the.sc' forms of amor¬ 
phous carbon. In some ca.ses they appear to have an F. M. F. 
liigher than that of graphite. 

The energy of the combination of carhon ami oxygtm, when 
completely oxidixed to(('()p carbonic, acid gas, is .stated tube 
9024, foot-pounds per grain ispdvalent, whicdi i.s 2.t>5h4 cqul- 
volts.‘ luthe.se (urbon ehunents the F. M. F. is not so high, ns 
there mustlxe deducted the counter F. M. I'\ or |>olarizatii>n, and 
the energy due to tlie force of setting chlorine free. 

A resort to chemical analysis, of the [iroducts fonmsd l»y tin* 
reaction in the cell, indicates the following conclusions ; 

First.—Carbon produced by the action of sulphuric acid on 
cane sugar proved to be ])artially oxidized, or impure carhon. 

Analysis gave the following values: 


0 . 03.20 per cent. 

H. t.01 per cent. 

O. :«!.HI per-cent. 


' See Sprague's Kleotricily, p. 5, it). 
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Analysis proves tluit (IL8().i - (■ KCIO.) siilpimrie acid 
clilorate of potassiuni oxidizes earlxnuiveous i)<Mlu‘s, likii the 
above prodiKd ()f (IL.Si V) siilplnirie atdd on <*ani* suo'mi*, to ( JO., 
and fiirther, that such bodicss lirsf art‘ tdjana'(‘<l to ('onij.Mnnids 
soliible in tlie aci<l (caramcldikc* sidjsfaia'csa which an‘ ra|)idly 
oxidized to f Jib. 

Second.—ikittcry carbon of the coni|)osilion : 

(-'...aa.aa per ccnf. 

O... 70 per rent. 

Kesiduc of Fc. and Sio.>. 0 an p,*r {fp.f. 

Tlie fact was shown that this form of caidno! can !h* o\idj/(.,| 

CO,. 

Third.—Wood chanavak of the following e(ini|tosition Jifier 
ignition. 


^ . at. pcrrft)!, 

tf- .. 5,0 |)rr o(,arf, 

Silidous ms...pt.j. 

This, after re])eated ren'gnition, was <»xidi/.eti hy fin* eh-elrolvti^ 
to (J(),, no internie<liat(* (ann|)onnds being foianed, ami fnrthta* 
in case of [aire ainoi’phous ('arhon the (i\i<la(ion is coniplet(» ; tliat 
is, that all tluj <tarhon is oxidi/aal to (’( 

These analyses wer(Mnad(‘ witb the solnfion at a teinp(‘ratnre 
of 122 R to hasten the a,<*tion, th(‘ earlani bring in contact with 
tlie platinum. In thesis e!(‘inenfs the oxidizing niatorial is too 
ex|)ensive foi* practical! usca 

XJnd<)id>te(11y the dinadbai <d'cxptaanHads in the fiitnri* will he 
to find some cheap siihstam^e w!d<*h will absorb owgcn from the 
air and give it up to thi‘ carbon; in fact, acting as a carrier of 
oxygen, so oxydizing it wUlunil heat ; and this is not improlaihle, 
as we already know ot suhstanet*s whieh <hi this, flenreh e'i\ ing a 
low III. M. Iw, thus, lor iiishinee, llm terrie sails aia* ro(|need to 
ferrous liy agitatiug tludr sidutiims with earl^on, iH-iiig rt- 
generated hy ahsorhing oxygmi fnmi tln^ air. 

lly pursuing this line of investigation, ueiam !»t* wo are 
not ignorantly striving against any hiw of nature ivhen attempt- 
ing to convert the whole potimtiahaicrgv id’ earhon elootrioal 
energy. 
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discussion. 


Mu. C. O. MAir;i. 0 ii.x : Mr. Case also favored us by seudiuj;- a 
sample of the battery, wliieb you have before you. It eoiisists 
of a porous cup, ill wliieb, the graiihito iu lumps is idaeed.uud 
outside of whicli is a sheet of platinum. Sulphurii- acid, of the 
greatest density obtainalile, chemically pure, is placed in both 
the iinier and outer vessel. As explained in the papim-, in order 
to reuder the sulphuric acid active, he puts the chlorate ol i>otas- 
sium into the outer vessel, which gives it that light wine color. 
I have brought a little galvaiioscope which 1 have calibrated for 
tiie purpose, so that it gives a rough indicalioii ot the voltage ot 
the battery. Each division repre.sents ,f;„ ol a, volt., am! when 1 
close the circuit you will see that it gives a delleetioii ol about 
14: degrees. That would be equivalent to about .7 id' a volt. 1 
think"that Mi-. (!a,se states that tlu' elcctnanotive force (d’ his 
battery is between .i and ol a .S volt, i but, iiiiloi t iiu.itcl\, as 
you notice, the ek'ctromotive force bills down scry rapiilly, 
owing to pohirizatioii. You will notice it is falling down. It is 
now only 12 degrees. It seems to stay there better, but if 1 let 

it rest a little while, it comes to more nearly the full strength, 
though not ipiite. I might add for the information <d’ the mem. 
bers tliat Mr. (hsc states, in a note scut with the battery, that the 
internal resistance is about 2.7 ohms, and that when placed on 
short circuit it gives, approximately, a. (piarter id an ampere 
for a short time. He adds, by way id' explanation: “You 
understand 1 am not showing a practical invention, sinqdy 
showing a new ])rineiide which may be dcvelopial, I think 
you will all agree that undoubtedly there is here a, woiiderlully 
interesting principle and one which would be as valuable a,'i tint 
philosoi>her’s stone, if ever even half id' whiit was cxiicctcd from 
the pliilosoidier’s stone is rculi/.cd from it. 

Mk. Townsund \Yoi,(!OTr;— -I would like to ask wliy it polar- 
kes so. As l understand, the oxiilizing liipiid is in contact with 
the platinum. It ought to tiet, I should think, like tlu* idtromie 
acid in a roggeudorl! cell, to oxidi/.e the hydrogen; or, is it 
hydrogen tliat polarizes it? 

Mr. Maii.lou.x :—He states tluit the [lolarization can be pre- 
vented by meclianieal means; so that it is probably due to un- 
corabined cldorine. 
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Mii. Wktzi.kk :—1 was uliHiiI lo that iht. jidlarizitu^ 

iini!,']it be hnaig'lit alxmt b_v the setting I'rec <il' thf jx'ruxid,.^ 0f 
cliloi'iiie; tliut is the yas pnaluecii, ami if i< pnibalilv fhi* on 
that does tlie |iolarizatioii. 

Mii. F. 11 {h-ioeKKij: In ren-ard to ihi* jxdafi/.ation, it is ver 
evident that tht^ tietive material is |iero\idi' of ehloi-ine {'lo,. foi 
lowine’ Mr. (Jtise's noineindatlire, whieh i- in ■.idniion in tlr 
liijnid. Tlie (txviten (d'the <'!(» I'onibiiie, u itii the earlion, am 
sets free (ddorine on the |dalinnni [dat>'. ami that, of eoiirse 
polarizes the eell. I should iniae-ine that Mr. ('a:«.e'> nieehati 
ieal means for prt'ventine- polarization, are jn-t the same as flu 
mechanical means nsnally emploved in e.di u liieh p.darize hf 
the settine- tree id' oas i>n the negative plate. \ i,'.: implv shakin's 
them, rotijiijheniitii' the snrfaee of the plate-, loiiio a platinizei: 
silver plata; or ain'lhinn; id’ that -ort. to more or le . .o-t rid of tin 
gas, and in that way redttee polarization. I do md ,ee anv othei 
cause of pidarization there eveepi, perh.ap-, tliai there i-ids,, tin 
formation <d’earhonie aeid ga> on the po iiive plate, 'I'lmt also 
■woitld jtroduee polariz.ation. 

Mk. C. S. rSuAin.Kv : Perhaps 1 might l.e able to oi'e von 
something interesting. ()f emirse main of yon are aware of this 
method of caicnlatitig the possible volt to hi-obtained from anv 
(mnibiiiiition. .Now, this seettis to me hard to under i.-ntd. (ih* 
ferring to eipiations on the bhiekboard. t In e.-denlai in;- the volts, 

I use the wlnde niimher; I do not me the e.pti\aieni,,. 1 use 
Itnghsli measure, akso. If jtnyhody widie . to rednee it to Freiieh 

meastire, or anything id’ that sort, ..an do ,o. The heat units 

whieh are given out hy the eomhinatiot, of different .iibspinees, 
ol eminse, ean he found in many work . In Watt’s «•hemieal 
Dietiotiary, wliieh 1 have here, ymi will limi the h. at of ehemieal 
comhination and tin- heat of ehemieal aetio,,. V,m „ ill ii,„l the 
various energies gTen and ihe vari.-i, heat ntdt, given otit bv 
an atom of the various snhstatleos, and it i \er\ fnllt earried mil 
find the whole tiling has heeii demon .f rati-d lo evjierimeni. Xow 
Ave find, when we refer to enrhoi. and o,sv:.on. that oa'rhmi, in' 
coniiuntng to form earhonie aeid Ig pound,, of earhm, n„ifi„., 
with o.vygen will heat if{,.Stilt pounds of water m.e ,|e.rn-e Fair 
renheit. 1 hat is Atldrew sdeterminatimi, Fa\re and Silherman 
give !)(;,9(1(1. Now, in the first plaee it i.s neee.-atw („ n-tbiee 
everything to a hydrogt-n hasis. We (ind that li,.'.,.,. are two 
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atoms of oxygen. This calls for four atoms of hydrogen. Tlien*- 
fore it is necessary to divide, hy 4, giving 24,“i4lt. Now, 

the volt is about 2;hd:?d. I have tried it both i‘X])erimental!y and 
by calculation, ami that is as near as I have heeii able to (amie to 
it. 1 presume that is not accurah^. 1 do not reeounuend it as 
an accurate thing. That, yon see, would give a trille over a volt. 
It is, pcrha]), .01 over a volt that that carbon is capiiihle of 
giving theoretically. That, of course, can ht‘ determined t'xperi- 
mentally. There is also a way of calculating it from the foot 
pounds and the correlation of force.s, etc. ^ mi can get hut a 
certain nnmher of volts out of any combination of two siihstances. 
no matter what they are, and yon can calculate to just tlie piasilile 
amount that you can get in volts, and you can get no more. 

The (piestion of resistance is one of the main points in the 
whole of this subject; I tried, in ISSO, <|uite a long series of I'X- 
periments with fused salts and their action upon coal. <)1 cour.se 
the o.xygen of the atmos])here is ahsolutidy iu‘c(*.ssary. NV e can¬ 
not, l)y any mean.s, expect to accomjilish direct conversion unlcsi, 
we. use the oxygen of tlm atmos|)here. (Itherwise, we must u.si' a 
manufactured [iroduct which must he vinw expensi\ e. 1 hmeiore, 
we have got to introduce the o.xygen ol the atmosphere, which is 
just as essential as the coal, d'hat hattery costs a great deal more 
to run from the clilorate of potash usiai there than a zinc hatteiy. 
So that to get cheap power in that way, it is neces.sary that, you 
should use carbon or hydrogen, or a combination ol t hem, and the 
o.xygen of the atmosphere ; ami to use the oxygen of the atmos¬ 
phere, you must either supply it at the time you are operating 
with the coal, or from the manufactured artichx Manulactureii 
articles are dear; so it is necessary to u.se it at flu- time. 1 here- 
fore, 1 hit upon the plan of taking manganatc of sodium or potas 
sium and |)utting a hla.stof tiir through the (dectrolyte, ami by that 
means supjilying it with air am! allowing it to act oii the coal 
which is put into another jairt of the vessel. 1 he main point is 
the resistancti. The voltage, falls very little short oi the theoretical. 
That is all right; hut the resistance is too high for it. to he prac,- 
tical. At least, I havm always so regarded it. It would reijuire 
a pond about ten feet in diameter per hor.s(‘-power. {Laughtm-.t 
That is, if you allow two inches between tin' mad. Of course, 
coal is a rough substance. You have got to allow a consid<>rahli‘ 
distance between your plate on which the oxygen supply is 
furnished and the coal, which of course rtms up tlie resislauee. 



204 ELEGTRia ESEnay FROM FAR'BON WITIim T HEAT. 


Tlieii, ill studying* ii|) the lUMttt'r, I fomtd in W'af i's C 'hi*nii<*ul 
Dictioiuiry that F. l>rnun had a dt‘ten!iinatitni uf tin* (anidno 
tivity of fused salts in the inaghlHa-laHHi of fheir melting jsuint.s. 
Putting the eondiu'tivity of nnaamry al zero, that of fht‘ host 
siflplmrie aei(l, is al)out 7,Too, fht* following tminhors wero also 
obtained: (ddoi*i<le of haid. 0,2,000; nitrate of soda, !l,l7o, and 
so on. lint, of all the na'onls 1 hav(‘ evor found, and in all the 
experiinents 1 have (rital, ehloridt* t»f lead is of (lio lowest n‘sist- 
anee or the higlnsst (‘ofidin/tivity among the salts, ft is alasut; 
four times as good ;is tin* host .snlplinrii* aeid. Wh* neMietal in 
some of the ehadrietil [)apt‘rs of a late dale, nnaition td‘ Mia 
Acheson’s deviee, in whicdi he propi»ses to use ga es in one case. 
Now, gases tire of a, great dt*al liiglier red'Oaiu'e than anv fiistal 
electrolyte, and tin* fused t‘lec(rtd\(e, of eoui-ov, is, as I saifl 
before, too high. Idie lead (ddori<h‘ is the lowe f. It is peosihh*, 
of course, that soiinahody may find sid>sianees of \a‘rv low resist** 
ance, but it is r<ather a, hard joh. ISow, of <*ourse, { d<» m^l mean 
to advance this as a p(.‘ssimisfit* vww <if the matter at all If is 
just siniply to niake a shiteiuerit of the (*oin*lnsions u hieb i havt^ 
readied, which I. hope may lie of lieiielit to oth(*r people, and 
perhaps save tlunn sonu^ experiments and time. 

Mr. rJosioim \V F/rzia'ac: I lu* previsais s|H*alver, in erifi(n7ang 
the apparatus de:vis(*d hy Mr. A<*hesou in whieh gases are used 
as tlie medium between the eleefrodes, has nmmrked that they 
are of very high rt^sistamaa ! think that is a gtnwti^m of rtdafive- 
ness merely. 1 do imt know wliat tlieahsolnfe re, isfanee of the 
fused products is, Nvhich tin* ])n‘vious speakta* emploNed, Ind wr; 
all remember the ex[H‘riments originally made hy Idinnlay, who, 
after placing the iioints of an idcetrii* tarenit apart, hi-a{(‘d up the 
tcnaninalH of thcwplatinnin wires and etfeeted tin* p;e,a,i e of the 
current thereby. \ou also know that if wt* heat the air .''ulli' 
eieritly as is done in anelc<*tri(* arc, we gel (*«miparah vel\ wvy low 
resistance, 

Mr, IbiADiJCv also made this ir?i|ierimeiit. I em[dow<lan 
outer voBsel of zinc in whi(‘h was placed a, jjoi'ou. (ni|> (‘ontaining 
a bar of zinc. I lie ontta* vessel was lilhat with a eoimtaif rateil 
solution of zinc cldoridig aiid tin* ^ cnip was fed hv a eon- 
Btautstream of fresh water to maintain the .•.olufimi within it 
d.,ilute. ihe vessel was tlien heatial by a IhiUHeii lMiriii»i* from 
below. (See illustration.) 
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gained But 1 found tha.r tin: !iad d-t, whih* if ^yas 

hard work to tind that tlio nxforinr (»in‘ liad g:iiiir*7i uMviiiing. So 
it left me in doubt wfu*!tier thox* \vt*n* ariuailv {lm‘to 

tlie lieat of solution or iH»t. iln! if i;-inforo-fing a> an (‘x- 
periment. 

Mr. Oko(u<kr: That <jiH*>tion oi rijui vinf j> rafticr an inter¬ 
esting one. I shall not go into flu* fn/nrf', Imt I thinly |||,^ 
Sprague, of Knglami, has done iho -td>jr*t‘f a good deal t>f harm 
by prefixing that “ (‘qui " ti» the we)! kieovn term voltd’’ 
People are used to that won!, Iml fin/ ri‘'-uii <»! jo'rfixing o 

to it has been that tlnw have let if ;don«a jin-f a. it' bo bad at- 
taxded a dynamite ImuiiI) to if. Ami rf^ally 1 «!.» mu -on why it 
is juit there. An e(|ni-vtd, as far a-^ 1 e;tn oo i ' iu f mneh a 
volt as any otlnu’ volt. If i> well i‘m'ierh, porliap , tn de.-dgnate 
volts obtaiiiecl l)y <‘hemi<*al a«uieUi a-. r.|ni\n|fv; |,iu [ do not 
ktio\v any i‘eas<)n. f<»r it. Voti ntighf jn-a a.-^ wol! >epaiaife \mlfs 
oivtained lay an Edison <lymufn> and eall {lami Ifdl volf>. lusillv 
tlu‘se miui-volts are just plaitt, or»linarv Xorfli Ainerlean volts. 
And I think that if the (xdeulatiou of the' !v. M. k, of e!iemi(ail 

action was nnua* oft(‘n n^'d it utudd be of ereaf ervtee in a 

great many ea,s(ss. Fur example, Mr. Ibadlfw ami I, before we 
laid made any (exjHuntnont wbatevo!' on ibe nbjeet, eidenlatial 
out what wotdd be tin* elee!romofi\e b»ref* of ji eonibimtfioti of 
zinc and bromine; and we eahndated,. Jn-a a- Mr. Bradhsy de¬ 
scribed thure, l)y taking the beat unit pr.idnorri b\ rbe eembi- 
natioM of zinc and bromine and tljm u'oing tbr'oedi flat. e tigurcH 
We got l.S vnits. |>v a great nmiiv o\|m rijui nt \«'r\ eandlilly 
carried out W(‘got l.Ts volts. Ne»w ileit 1 jn i a*'* dilb-ront from 
our e{il(*uhitHms. At tnvt wa* got 1.*^, bocan «■, ♦•{ eour^e^ tlii* 
instrtnmmt would not <leteei tbaf eeg if ,,ul\ )o euntinual 

exp(‘riments that we got tlje averagv of i., \,,u tijaf is elose 

emmgh for all |)raetuaal pnr|ifeae<mHid y*\i r,u\ arri\.* .at restilfs 
wbi<*h ai*e j>ra(*tiea!ly clu.^e enough, uitb n rojtdfin.afion of /in<* 
and iodine, for example, or imy tMnobbmfiofi f uo olrments, or 

an (shutKud; Hful aconiptuiuti luMh, l or in t.imM-, van tailen- 
lHt(‘out the electromotive tort*e of /ine and I'brondo aoid, or ni- 
tiate ol soda or anytluiig *d tluit sort, and \oij uii! arrive a( rt^- 
suits which approximate phuby ehwMmougli for praefitatl pur¬ 
poses with the acd.ual idectrcuuoti\e forer obtaiinai bv experi- 
nuuit. 

.Now, that seems to me to 1 h» a Viow iinporfant ibiug, tM*ciiiise 
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very often you want to iind (»nt tlie.se faet.s iiiui lla^’(.( not time to 
try them and you wave yourself tlie experiment hy ealeulation. 
Of course all kinds of .short cuts like that are very often^ a .yrciit 
advantage to the investigator, and .so far as 1 know this one is 
very seldom used. Mr. Sprague is at.out the only authority who 
speaks of it at all, and in iiraetiee 1 have never met any oiu* who 
used this method. Some people doubt that you can get reliable 
results ill this way. 'riiey elaim that they are meiv aeeid.uital 
coineideuees, hut, 1 think when they occur a. gnut many times 
and when yon can actually jirove iiiathcniatically, that there is 
sucli a relation, then there can he no longer any doiiht alimit it. 

The eontaet theory has also jirevented the adoption of this eal- 
cnlation of eleetroniotive forw-s. The id(>a is that there is a con¬ 
tact ditfercuc.e of potential; that it is not due to the chemical 
action, hut is due to the (‘oiitaet; tiie climnical action merely 
keeps'up the a,e.tioii. I, nevm- could see much in that <-ontact 
theory myself. If you luive a certain amount of eliemieal ailinity 
and it produces .so iiuuiy units of energy in the torin ot heat in 
conihiistioM, why shoiildirt it jiroduei' tlu' same amount ot eiieigy 
in the form of electrieily in a voltaic eell t The eontai-t: theory 
is one of those things that you eamiot see any reason lor "'hy 
should Kine and liroiiiine have a eontaet ilitTm-eiiee of potential ot 
1.8 volts'i! Whereas yon can see a very good reason why they 
should have a ehemieai ehietroniotive force of that ammiiit. 1'he 
contact theory is a purely arliitrary thing. A man fells you there 
is a contac't dVirereiie.e of so and so. There is no rea.^oii for it^ IhiU 
I call see, aiul fh(‘ fa<'l; that the ermtaet dilTereiiee of potential is 
usually the same in liipiids as in air, is due to tiu' laet, that there 
is oxygen, moisture, et((., preiseiit in both easi'S, and _\oii h:i\e 
Bubstantially the same eouditions in the air that you li.nve in a 
voltaic cell. 

Those two theories of eontaet dilTerence of potential and the 
“eipii" prefix to “volt" liave retarded a very impm-tant bnineli 
of se.ieiie.i', I think. 

Mr. WoneoTT-.— -I do not understand why the zinc would lie 
dissolved oil' from one eleetrode and <h«posited on the other. 
.Does the chloride of xiiu; dissolve the metallic zinc { 

'Mr. Bradmoy: —The (ilrotthuss hyi»othesi.s is gemu-iilly under¬ 
stood—that there is a <diain of nmleeules of ehloriiie and zim\ .all 
the way across the electrolyte. 11 there is more ailinity tor the 
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zinc on one side tlnin there is nn the ether, the zinr will 
over as soon a.s tlie eircnit is eieseil. 

Mr. A\^)i,coTT;--15nt. I do net sf«‘ w'hfH* y(:»,!! p'f viHir jitliiiitv 
unless there is some tendeney of f ho rhl.trido <*f idiio lu atfaek 
tlie zinc. 

,M.n. Jhum.KV .*IIerc thr Wiilor play- a pari, nf raHuaa* vtni 

could <ievise all soils of thcorit^s ft* aoriom! Po if. '|1}o water 
of course, and the zinc ehf>rido havr a*! allin!! v for t-at'la <ttla‘ta 

Mu. WoLcHviT : If you havt' fror rhloriiif 'vt»u arr all rieiif. 

.Mr. .BRAoiaov If you havt' ^t»f froo flilttriia* «>it nm* rdde and 
zinc on the other; Ihuh* you have free elihtrint' t»n one* sith* iiiid 
;fre(! wafer on the otlnna 
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Mu. 

Braolkv : 
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Mit. 
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Mr. 

I>RAr>ij-;v : 

"“Yes, and 

1 t|epij-if , 

if ♦» 11 f11 (' 

t if f ir*r .'tile, 


Mr. 

(Irockri; : 

"dust liar 
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in file t*a 1 
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nol have 
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■hlnr 
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the zinc. ^ on havi* chhu’ide t»f ziiie hefut t n. 

Mr. .Braou-v .11n» (ddoride;-‘td' fin itre tia^ Ih':^ n* pend'orm 

It: with. Ill this eiise yen liave the -fninieti. eiileride eti ene si.le 
and the staimii- cliluride uii the ether, in,.! ihe„ il,,- ehlerine runs 

Jicross* 


Dr. (-.xRiMsn aw . -I slnadtl likt* fo if}»|iiiri', in rf-fertmee n» tlte 

allusion Iheiv to the ^n'a|.!niie aeid. i|‘ ih:,( nlleee.l leim h eeiull 
tion ()l (^arhon called ha.heeii |m. iiiw U prewd te e\i.-.lt 

Mr. MAn,i,ei:,\-:. d can only ,,;iy lh;it ih-- (ni.er U.I h.uided le 
me hut a lew niiiinles heCere tlie nteetii.e h.-.;iii. and I uiuM 
take It froni Mr. (time's own staienienl. I c.o, n..i!!„-r ;uh.t:iie 
tiato it nor retiite it. However, im the |ireM-iM-. of ■uher, ' iiuiliir, 
analoj^nnis aeids has been either simjieefed nr lu-nved, Mieh as .sili' 
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con into Hilicic acid and vaidonK others—phosphoi-oiis, for in¬ 
stance, and snljdinr, itself an anu»rplious snlmtanee; while on the 
other hand we have plumhle, cnprie and boric acids and various 
other acids of that (‘haraeter, and it does not si-ein to me ini|)ossi- 
ble that fijraphitic acid (amid exist. As 1 saj, I oidy take it on 
liy])othesis, whi<di is tlu^ way Mr. (lase i^ives it to us. 

Dr. (Jrimsiiaw 'riiere have bcum eases where the (‘xistenei' 
of new (■,oni])onnds of that kind has been annoiineed and tlie 
statement aftxu-wards withdrawn. I'heni was oik* time when ^as 
earlion was suiijio.sed to be a fourth amorjihous condition of eur- 
bon, and then the na.nu( (jraphon was applied to it, as a body form. 
inj; an acid of that, eharaeter. Afterwa,rds 1 thoua:lit there was some 
doubt a,bout it. A ^ood many of the conditions of tlu'se elemeut> 
endiiiff in “on” have been shaken tip badly within a. few years. 
kVn* instance, the amorphous etmdition ot boron has Ihh'ii decided, 
J believe, to be tin? boride of aluminium. V<‘ry often it U a ([ues- 
tiou whctln'r allep;ed forms of carbon are not boron instead of car¬ 
bon. d'lu' siFa^ic acid, to which Mr. Mailloiix ri‘lerr(*d, used to la* 
known tis the 1,t>roxide. I believe tluit is now n[>st‘t. I'he 
amorphous forms of these thnw elcnu'nls are ])relty badly 
mixed in tin* minds of clieinists. 

Adjourned. 


Notk o.n‘ 't'llK AiioVK Disei'.ssiox. 


IIV WIM.AKII !■:. e.VSK. 


In answer to the impiiry of I>r. tlriinshaw in reference ti» 
t;rai)hit.ic acid, 1 will say that according: to jlrodie Dhil.'Fr. is.'m, 
2'l‘.t, p-raphitc is ntlaclo’-d by such an oxidizint;- mixture, as 11 ,S <>,. 
and k (Uo;,, ‘frndnally oxi’diziiifi it to {'„ <)., If, (oraphie acid) a 
subshmce, cryslallim' and insohilile in tdl rixtfients, while a nmr 
pimtis carbons tirt* oxidized to snbstatices soluble in the stronir 
jicid mixture, bid re])recipitah‘d by water. As shown by the 
first analysis amorphous carbon ii_i contact with [datinum in a 
mixture'(d‘ II-H ().i tind K (Ho.) forms (caramel like) substams's 
soluble in the a(dd which are riijudly oxidized to (' (Jrujdiic 

acid is formed then, only from the action of this mixture on gru 
])hite. Berthelot in a very extensive investigation. 
“ Rocherches stir les etats du earnon aim. de ehim. i’hys. | J| 
XIX—:M)3” vorilies Rrodio’s work, but says the ntime eraphitie 
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oxide is l>t‘tt'ei\ as ( jj II^ (I-' is aof aa ueid Inn -trita \V\ 

amorphous (-arhous are used as the r»\hiizihl(» 

is liberated (Ui the plalinuiii [date and earlMuiie atdd -'e 
pomtin-i>lah I adr^pted fhe expres.iMU a/Tr^vh-r,-! 1 

k) lollow the teriuiiiohiu'v of the authoril\ ouonMl. 1 In- f’ \f 
F. eaii l)e eahadafed as Thoinpsrm >h<»uo'd !>\ rho td* r l- u ** 
tl.muodynannVs Isr.l, H .)„,y. 

value oi all the eheitneal reaetions (»n iht er-uiini i 
oncHiil^ wia.n n .uvv.ui T- i,n..in,;-i |,v^ p,.,-!,'.'I 

tlu<)il<f|i the cell e lieiipy; the eleetm ehetiiii-al <'ijiii\;ii,.i,i uf i!,: 
same suhstanee rl heina’’l:i X letd-' " 


Sec jcnkiu lUo't. Ma«'.. naitiMn. iS-ep 
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ALTERNATING CURRENT ELECTRIC MOTORS. 


BY DR. LOUIS DUNCAN. 

Tlie alternating system of electrical (listi*il)ntioM, ])ossessing as 
it does many advantages for distri1)uting eleetritai! cmergy ov(‘r 
extended areas, possesses certain di sad vain tagt\s, among others 
that of not, at |)resent, allowing the nscj of c^lectriit motors for the 
distrihiition of power. Jjot ns, l)cd’ore taking up the sjieiaal sn!>- 
ject for consideration to-night, briefly review the gimeral subject 
of alternating current distribution. 

In tliis system are em])loyed (airrents of high an<! <*(mstant 
potential, varying from i)ositive to negativi‘. many tim<*sa staauid. 
If we represent (uirrent and |)otential by curves, whost* Indglits 
above a liorizoiital line represent amperes or volts, tln^ hori/,ontiil 
distance ro[)resenting intervals of time, we will Iiave sometiuMg 



Figure; I. 


like the following: Fig, 1. // r(‘priNseiiting i*iirrenf:, I r(‘pres(mb 
ing electianruhive force; the maxinuim value f>f fin* eurrent 
lagging behind the nniximum of M M. F. in a way that you wen* 
shown recently by Mr. Stanley. 

The higli potential uscal in the*, d^’iianm or primary circuit 
wouhl not 1)0 suitable for ineaunlescerit liglding ami would be 
dang(‘rous ; it is, tlnuarfore, reducid to a low potential at piuni.- of 
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Our knowledge on the subject of alternating currents is largely 
due to the work of .M. Joubert and J)r. Joliu ll(H)kinson. 1 lie 
latter showed first that alternating dynamos could he cuu|)ied in 
parallel, and afterward tliat one dynamo could he ustsl to^ (lri\’C 
another as a motor. He brought forward experiments trieil liy 
Prof. Adams and liimself, in which one dynauio had driven 
another, the latter doing mechanical woi-k. Mr. Sienuuis at the 
same time, in 1885, described experiments whei-e he liad driven 
both alternating dynamos and ordinary series motors by alternat¬ 
ing cui'rents. Hr. llopkinsoids mathematical work assumes that 
the cui’ve repi’esenting K.Mi.h. is a simple sine eur\'e, that is, 

that Ao sin 271 ^,; it is important to notice, however, that 

his princijial conclusions do not depend upon this assinuptioii, 
hut would be true if the E. M. h'. were any perioilie mirve. 

Since that, tinie nothing (d im|>orta,nc(^ has ajipeared on the sub¬ 
ject excepting two short pa.pers, one by Mr. Kapp on “ 1 he Max¬ 
imum Work ()btaiua,bh! I'rom a, <ii\'en Soiirei* ol la. M. 1'.; tlie 
other by Mr. I’lakesly on “(toiiditions (d' Maximnm F.llicieiicv in 
the Oase of '^l•a,nsmission of Powm- by Allm-naliiig Electric 
Cui'rents.” 

In all of the mathenia.tica.1 work ilone on this subjei't it has 
been a.ssumed that the various E. M. F.’s may be repre.seiited by 
a sine curve, and that (tidy simple electroonagnetic actions enter 
into the ])roblem. I do not Indieve that these assuniplions 
are true. Since doubert’s experiments, made in bssi, it has been 
known that the carve (d' E. M. E. (d a Siemens alternating 
dynamo, where the external circuit had no .statlcfd ca|>acity, was 
very nearly a, sine curve. With some of the niaiddncs n.seil to¬ 
day, and undei' the much more com plicated coi\dit ioii;-(d (listribii- 
tion, this is pi-oliably not even approximatidy true. Neither is it 
true that the sia.tical actions id the dilTerent forms (tf wire upon 
each other in the transformers can be neglcctc(l. Me,s>rs, 
Hutchinson, Wilkes and mysidf ha,ve latidy experimented on this 
subject, and we have obtained the curves tor the currents in the 
soc<)ti(lary aiid prinuiry circuits under many conditions. 'I'lie.-c 
observed results do not agree with the results (d cali'iilations in 
tlie few cas(‘s that we luive worked out. Until we havo ftdiy 
satisfied ourselves in this matter 1 will avoid any Imt thtj 
simplest mathematical work. 

Alternating current motors are not in successful use; let. us 
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t^y to find out tJie t'in*y iinil a,ff**nj[,f 

gest plans for overcoining fiitMin 

The enei*gy being transforiiifd at any niuiiiriii in ^nv dvitama. 
electric apparatus~in wfiiali I iiirludo dynaiMu-, iMufur., iraas- 
foririers, etc."-*™is e<jua.l tn ila.* prudnei: uf fli** rurrMin l»v thr* 
tronnotive force prodnciat by iIh* apparaf u-.. Iu fP,. <l\n;nna 
for example, the anmnut <a|' maalianical rfit-rea l.tai! * i ra!i 
into eleetrica,l is AV.t. wlrcrt.^ /:'i* thv »T-cirMffM ?i\*' luivr pn,- 
duced by the dynamo : in u mof*'r ihcfT‘ofrii-p UMrk fran.furmt^d 
into n'iecha.iiieai is r’/'where# again i-^ tbr K. M. V, !*rndii*.,.,j 
the ajp'iaratns, the (*oiiHtt‘r H. %L l\ uf lUv io.Mf.»r. Thi-. tnir 
for alternating as \velI as for diree? rnriaan aooaraJiiv f 
ally wo lniv..; ' 

W 0 rk r:-:; AV L '’f 1 1 is is. ;■ tVtf a ♦ ly fiuIiif ♦ ■ • I’t-*r a rj m »f«.r. 

In alternating (*ir<*uit> /t atid f an* CM.iTa;;in.f!v ||' 

we represeiit tlunn by inirvcN a.. bi'biri% ur muA midfiph oaeli 
value ot 6M)y tie* <a)rrcs|.H»nding\aluc of /Viand it He ,jdd all 



tliesy,og(j(;lu!r iru.u A In /}, Kij,, „ij| 

the iwii/ontul I- ,it,(| !„.luw il , H.. I,HU. i,,,/!, . 

value ot the ,.ro.lu..i, frun, u huO. udu.. ,r...u . ; 

value nu^ Tin. fu.d w..,i-I mh, i. . ,.u/l i 

_N<nv- vve see that if we shift // Ihrunr,! -r juill / u.- Inw 

■'.. .. 

.. _ - .m... New, this IS uiie el the eveej.lieu , | (nf,, 
ally less, sniee it vam.s us f f.., evuni.l.. it .1, . ’ ‘ 

in tho rntrJnu o *-vanip|t,i| Iii,^ iMa\iiiiiini 1,.,, 

1 the, u ai is e n direet eum.iil i.hu,( „,.,v fe ,.,,,,1 ,,1' •!„. 

..... ».-™ri...i-I,..' ■ 

In an alternating eurrent nlanf n n * i »* | f ni. 

' 'uieur pfuiit, u heereuM. it, (1». e,.,. u((ej.ii„a ef 





energy decreases the current very little; it simply shifts its posi¬ 
tion with respect to the E. M. F., and the heating, approximately 

equal toif, remains nearly constant. A maximum loss of 

3.5 per cent, would probably mean an average loss of at least 2 
per cent. This same remark applies to transformers and motors, 
and the average efficiency of the former will he consideral)!}' less 
tliaii tlie niaxiiiiiiixi efficiency. 

A distinction between continuous and alternating eni-rent a])- 
paratus is this: In continuous current dynamos and motors the 
cores making.rip the windings of the armatures inake diilerent 
angles with the lines of force in the field, and the result, when 
the armature rotates, is a constant K. M. F. fluctuating hut little ; 
in alternating dynamos and motors the alternate coils are.symmet- 
rical with respect to the alternate poles, the remaining coils he- 
ing symmeti-ical with respect to similar poles of opjtosite signs. 
The result is a varying K. M. h'., changing as has been shown. 
In dynamos the effe'et of this is that the i>nwer api)!ie(l either 
varies from xero to a maximum each period, or llu* armature 
changes its S])eed at diflerent points and oscillates with a period 
e(|vi<il t(.) that ot the K. M. 1^. 

Let iis now coiisidiu* what takes |)la(*e in the eas<‘ of two 
motors, one (continuous, tlu^ other alternating*, oin^ hetwtHOi mains 
where a constant (continuous K. M. K. is mniutaimeh th(‘ (ftlier 
where therti is a c'.onstant alternating; K. M. F. In tin* iir.-t east* 
ropreseuting (uirrent and K. M, hy (mrves, us we, havt‘ het*n 
doing, wo will lutve two straight lines, Fig, 4, one JihoV(‘, the* 
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other Ik4ow our horizontal axis, tlui lormer reprch’^enting eurnait, 
tlio hitter tlui eounter K. M, F. of the motor. Ih^ekoning time 
along tlu*. axis w(^ have for the energy transfornuMi in the \ti\vv- 

val from (f to /a. ', .- (1 As tills is — it nutans that (4i‘etrieal 

is transfornuMl into mechanical work. 
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Now, let us consider an alteiTiatini? ciirient motor huilt 
alternating dynamo, the tield excited hy a e(Hitimious current. 
If A B C\ Fig. 5, are tlie poles of the field magnets, ,snp|)osed to 
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be excited by a contimions current, then tiie eur\-e / / will repre¬ 
sent the counter or motor K. ,M. F. If ,,ur m..tor is running 
slowly tliere will l)e two or three reversals of current in the time 
it takes a coil to go from .1 to //, Fig. fi, and the product P. (} 
will be nearly zero, the positive and negative parts being almost 
equal. 'Whether it is -f or — is somewhat a nialter of (dianee, 
and if it i.s-—from A to B it will very likely be | from B to (J. 
Thus the armature is puslu'd tii-st in oiu' direction, (lien in the 


02q:)osite, and there is no delinite tendency for it to rotate a,s a 
motor. This brings us to our first diflieidty, a simple alternuliu"- 
cuiieut motor will not start itself. Let us suppose, however, 
that it has been started by some means and has rea,ehe<l such a 
speed that in the time of a reversal a coil shall ha,v<' moved man- 
the distance between two similar poles. We will lia.ve thi" stat() 
of things in Fig. .5, and the armature, will eimtimie to rot,ate. 
Now tlie position ot the curve II is fi.xed; we will eoiisidcu' tiui 
position of / as determined hy t!u! position of the arniatnr<> coils 
when the current in them is zero; for instiinee, if (h,. sjieed in¬ 
creases^ a little the curve will a<lvance as sliown liv tlu^ dolbal 
line, riio total work transformed is the pi-odnet (d" the two 



l''igure 6. 


eurvea; from 1 to 2 it isfnun 2 to Wit is -K M to 4 
, fiom 4 to o+• The result is (1 to 2 -| M to 4 ] | 
[2 to 3 + 4 to 5]: part of the time then the maebine is workiiiL^ 
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load is decreased, the l.eatin- is tlie ><»m < ~L U,i . ^ ■ 

of the current, and is independent of the- posit n.n ol .t> n.n.. ,i. 

has been pointed out above. , , ,. , < o ,i„, 

Looldna; at the figure again we s(>e (hat I roni .1 - • ■ • 

ture is pushed forward by the current in the line : Iroin^ o 

is pulled hack, since it is acting as a .Ivnaino -ling u. ^ » 

hue and can only get the energy to i_.ro,luce ll..‘ ,-nrivi.. o> ^ 
creasing its speed and drawing from its eiiergs o no,lion. ^ .n 

armature ,mullates then and it is evident that, the ainouii! o. m, 

oscillation depends on the kind of work it is ,i..ing. _ H .1 v 

ino-heavy wheels or niacliiiiery liaviiig eoiisiderahlo ni.-rlia 0 ».t. 
only have to slow down slightly when it l„■eol,los a dynamo. 

it is lifting weights the aiiK.iiiit of oscillation will ■ 

able. 




Tt icvi(1 c1 1 1 t; 11a.t 11 a ‘ !•<». 





I 

7. 

will make the avai!a!>le werk luaxiiiuim, If thv iHHitir 
all of itp)<)Hsibl(‘W()rk tie* eiirvi* will take up thi* |fH itif*ii ; 
tlie/Ioa(l is (liauHaiMHl thi-spd bu‘ au iu fant uuft! 

th(;r(.airvthha,s shifttMl forward iuto Mteh a p** iii.ai tliaf iiuMd 

the |)rodu('.ts -.. Af fbis (‘(pud to flu* work douo. Iti huu. ran 

])l{)t a, <airv(‘. r(p)r(^s(‘ritinp,’valut‘s (d tiu* di.^Jaiua* tr^un fhr p»4iif 

the (airreiut (airv'(.( (;roHses I la* a,xis to* tin* point wlnai lh<* 

work is zero ('orrt^spondinii^ t(» diiliuaad loads, 

Now the valine of this lap as w<‘ tad! it,, (atnind ho ^roal.*n’ ihaii 
0 P. Fip 7, for alt!ioU(!;h we nd^dit (‘.xt^uid (cur oiirvid on iIh* 
oth(‘r side, yet asligid; iiunaaisi* in (Uir load will fun^»* tho anna 
ture to fall back, d(‘ereasin|i: the nvaihdde Wdu-k, and -ndd< nlv 
stop. It iS;, in fact, in unstaldi^ e(|uililnaiinn 
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Suppose we liave fouiHl tiie s'ulue of tho l,-i- iliaf will ..Iv,, ,, . 
maximum value of the work, and liuve thi. w,luo T* 

theoKliimiy matJjeinatieal inerlio,is ompha,..! th,. n-d w, rl '' 

can obtain is less than this for the earrmt /mrv... 

sides of tile maximum, siipposiny we cro//,/ work af ilm ■ ‘ 
nmm; tliatis, it is only for a verv short fime in tin- l„-.f 
tion; so tliat if we take the sum of the ivork for a period, i, will 
be less than the ealeulated maximum. In ,valii \ w,. „uist work 

slightlym advaruamif the nuixiiniini, f.u-if u,- weiv too m-u-it 

the curve Avon Id fall behind /', and will then be uioi’dde 
equih uaiim ami stop. The praefi,.,d maxinuno will ,1...,, w.rv 
amirding to the amount .d’ the oscillation ; ,ba, i.. ae.-or.lin-i- n, 
the nature ot the work i.cdng done. 

lUmmis to ,ne that the po.ssihh- forms of ulternatin,. motors 

ed ihoiT 'ivNatno rovers' 

tioh' 'l * excited by a continuous current; i.'tf.an -liter 


aiTau^xHuerit L. ' ^ ”*** 

belov^ ' '• "l"eh is described 

; ti.o ,vm I,, '.'i'l,', 


bowmver: the armature and field mnsf i d i i 

huge masses of iron being ranidlv rev. i- t -n * ' 

unless both field and armatmv are far f • 

the mass must be great \.eu„ yir l'"'*' 7"“'"""'' 

the ntaxinutm Av^rk wrin I 1 

counter E. M. R of the nmtor equn o 

mduetiou^a eonibd,ion almost imp!.sssibh. , r. i.'lir i i' 

'"w - i. win" 

I ho alternating motor with a (ici.l i’., i r . 
tlje curretit being co.numtate.l, xvill mrt' il .'.’ir 

k H,w It this has been g(merallv r.aa....nire ' ' r ' r'"’' 

..a 6-0,. c;!:, 
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currents will 1)0 us sliown l)y tlie two sets of si^ns. Ti^he (*ireet of 
eitlior arran^enient is to move the armature in the dina'tion of 
tlie arrow. When f/gets oppositit A, the (‘(iinnuitiitrir (‘han^‘C‘S 
tlio rehitive (lire(*tions of the eurrtnits in (■ and -1, and E is rt*- 
polled l>y A and the arnniture (*ontintu‘s to rotate, ddti* niaxi- 
invnn work will, I tliink, lie <lom‘ wlnm th(‘ si>ee(l is sueh that a 
reversal takes |>la(‘(‘ in a. distaina,^ .1 to /A '^Fln/ nia.theniati<*a! 
investia,'a.ti(ni is iliffnadt, a,n<l until 1 am satistit*d as to thtMissninp- 
tions usually nuide I will n(»t attempt it. We hav(‘ as an ad- 
vaiitag’o ()f this ty])(* that it will start its(‘ir: a disadvantaat* is 
that tlie fndds must Ih‘- <*art‘fully landnattMl, tlnna* is Io.ns in re- 
versinii; tlaan, and tluu’e will l)<‘ for sonu* spee<|s ('uusideralde 
B])a,rkini»’at the tii'ld eomniutalor. I slionid not iina?a’ine, idthefa 
that tlu‘ work ohtiiinalde from sueh a mottu* would Ins as arr‘al a^ 
if its tiidd W(‘re fed hy (*ontimious (‘urnuifs. 

The, motoi* ohtained hy rovorsina an ordinary idternatin^t*: 
<lynaino has ad\‘antau:es and disa<l\'antaa'es. It portVrtly reaulatos 
itself a,nd the field ma^aaiets iumm! not In* laminated; that i-Jt ran 
1)0 nui(h‘eluNiply. It will a’ive a anNitor output {‘r«»m ajri\en 
souna^ of rurrent than <*orrrr[H)ndin;4 maehine.^ of ritluu’ of the 
types already <lisru.-s(M|. IIn disad\'antayro> are tha! if mti>I he 
staricd indepiUideiifly. Wt> mu>t liavt* a <*ontiiiuonN rurreni to 
excite the field, and if a load having* any coir^ideruhlf imaaia he 
suddenly applied, the motor will stop. Tins last ohjeial* n. hy 
tlu‘ w^ay, will apjdr to- tin* tyj>e- of nuUor jireviou>i\ distai»ed, 
])rovided, as i have sup|)osed, the maxiuHim work i- <»htainahle 
wlnai the ('oiinter lA !\I. lA has the same periiHl as iho applied 

K. d. F. 

l,et Us sire w*liaf means Wf» ean 'ranjiloy lo start file ntofor ntuvi 
e\(‘ite the held, We eotdd start h\ pa^^inn tic (Munmuiated 
alternating enrr<an tlirouyli the lield as in llm >oo«>nd type of mo 
for di.oai>so<h rhanyintr eur eonneetiiiUs when tho pr<«per speed is 
attained, Mmhat a eonfinuous eurrent from some oMornal source 
passes through the field ;ind I In* allernafin;! enrrent i- *dmt off 
from it. Another way would he to have on the aime diaft with 
our liutiii iiiofor a mr»!or arrautfement sueh as was de^erilMsI Ijy 
Prof, Klihn Idioinson in his valuable [laper on alternuflntr eurnmi 
phcuoiurna, road hefoit' the iiistitiilix With fhi»«* arrangement 
we ran do more tliaii start, the nitaor. Prof, Thomson pointed 
out that wdtefi ttds inixiiiary motor rea.eht*il u eertain speod, it 
wtudd produce a conthiin»iis eiirriUit in the exte.riial circuit of its 
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arinature. Tin's (nirreiit (mmiM hr u i'»i r.i t 
main motor. I>v proporlv jM'ojxoiitoiiou riit mi 
tlie main and aiixiliiirv mufur>, thl- ftimin:.’.- .■* 
l)rodiico<I just wIhoi dtc nn-'fnr hatl 
and it is ovidont (hatwt* can make liic*. t-unve: . 
ma.tie (le\’i(H‘ to niakt* tlu* cirenif t*f ilc' n-rkn ua. 
ineiit. I slnadd iniac‘inc, IncAfvcr, rkaf a m.»!».’■ n 
would be oxpciisivc and nut jtaiiicidar!^ ♦ * * 

What sec'ins to iiir ilif cinMiif 

mciUiM ot niiiniiiu’altcriuifiiiii’l■lln'l•s!! iuiij.ijv i ■ 
motor on tiu^ sami* iroiu-ral |>ian a- t’lf I'r-. m, ■ 

cations a,s tlie <liircri‘ni coiiiiiiion- ot' „ 

and cxcit(; the liold nia^not'. i’l-oni a r , 
run vv'itii onr altornatinu’ cii’i'ni!, .iijijiiit-,' -vd'; 
muiio at tlio (.•(■nli-al station. It' wr u i !; 
oni (‘ontinuons (drenit should ha\t* a inaximiHo < m; 
51) li. p. To .start tho motor wo dionid h .i, 
raiiii'omcnt: tliorc .shouhi ho two l.roah in mi;.-; 
one hotwoH'ii the rooad.ar hrirdo', i*:.' mao:- ’. 

coninintator lor the continiion. oiiiToiii. .\i fhi , , 

two (md.s of tlio cironit .should i>o tahon t,, ah. i . o 
C'Oiuinnt.atin*, tho nninlM'r ot Ikii':' ifin * noii tioo h 
tlie ciirnnit i.s rover,sod ovorv tinio .a ooij pa o a !„ 
nate liars are iiorinalh' ooiuiootod io a inoi.d cino o 
them liy a, .spritiis; in this oasowo'uill haw- tho'i 
ju.st as if thoro wore no oontituions .•iirront o,.mn.n! 
mototwvonld ho a switch hoard that would ,.oo.„„j,h 
iuff thinit,-.s; (f wo wish to .start wo turn ih. Ii.iudh* 
to a certain |io.sition; thi.s will short oin-nii o,ir r. 
and by the aid of a ooupio of h-vor- h ill dr..j, f 

emt hrushes on tho ooiniiintalor, at the . am.' tin,, 
onr metal rin^r. 'I'h,. motor will then .lari .1 no,, 
rent motor; when it. has roaoho.i its propor mi.oh, ,■, 
or IS above it, turn,the liandlo a little furtior- o 
current hrmshes will 1„. raised. i)„- n.otai riim wd 
e(>mmnta.tor bans, and tho alloriiatitio oironit u ill h, 
■Motor will continno to run am! will do w„rl. 

Now, I eoasidor that Mm advantaoes of ,hl pf„ 
It malaistlie niotor Hioap to halhl; ii « 

■dhcioiit and have a frroiiter oiilpui il,,,,, ,,,7,.,. 

■ave been discussed ; the enrronts fo ovoito rl.,- ti,.], 


n (ii-» 


iC'Cf fill* 


11 li.r.r 
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to ho su|)i>Hod anyhow, aiid tlii^y oaimot h(‘ siipjiliod iuoih* ca'o- 
noniic'ally than from tlio (anitraJ station; ht^inn* siinidor tlunaMvill 
he h‘ss liaJiillty of dto’ani^’taiHart. 

ddie no hop dosoial M‘d hy i h*oh*ssor Idionison that I nientione<! 
al>oV(‘ ooiisists ni’ fn/ld nia^-iK^ts ihrinia'li wliic'li th(‘ alhnaiatiin*’ 
cunanit thnvs, with an arniatun* not in any way ('oniiecded with 
theext(‘rnal houria* of (airront, l)ut whi(*h has enrrents indueod in 
it just as if it wore tiu* soi'ondary of a transfornua*. d'heeiiaaiits of 
all ol da‘ arniatnre (*uils ar<‘ upon exceptin<j;’ on<* that is in sneh a 
position that flo* <*urrent indinxMl in it will ht* nspolKal hv thi‘ 
pokopietM's. In (his tonn I <lo not think tin* motor will he [air- 
ticadarly otlieitait or aave any oonsidcsrahle output. It is possible 
that the principle may he iiuiher des'eloped to aave a eonsidiu*- 
a,hie outjuit, hut I elo not helievt* that any motor in whit'h tln^ 
litdd is le<l hy alternat inn* euri’enls (*an ht* elieaply made, althoii<»‘li 
this is a matter with whioh 1 haaa* no experienoix 

To pre\’on! nmltUN stopjdnu: when the lo:iil is thrown <»n it 
wotdd only he neees.siry to drive tin* load from a friction j)ullt‘V 
tm till* shaft of the motor. d’hr* prdley shouh! hi‘ so adjiisiiMi 
tlmt it will turn just hefore the motor falls hehiml its poiiif of its 
maximum n-ork. 

It is pfKs^^ihle that all of flic jdaus 1 havt* suu’yxvsioil hav(* hi*en 
tried hy the ditreretji invimtors who art* at Wi>rk on tins stdyerd. 
If a motor ot each I vjte titru I have imuitimua! wert* built aini 
proper experiment w«‘re friiHl npf»n fhem, vve wotdfl pnnijled 
we had the ;ddlity to intm’prel and ap|>ly our rt*sidfs have the. 
data neee-.:s.irv' to th''d»jn the he-sf |Hie>ih!e: nuteltiue of taieh tyi>e, 
and if ue htdld tho/e if , Innild foUtle tin* (piestimi ns to which 
form wilt he the !je-t. There* is en.> necessity in hiiildin^j; nn 
indofinito numla'r of motm’s to e\]H*rinient wit In It is t(H) much 
the eii Unu. if ue wd^Ii !*♦ de’siLTtt a elynaiuo for instanee, to hinld 
lueiil) eiitl'ereiit eun's and see wldeft is hesf, Oin* imiehims 
v\ith jU’«»por ex|*erimenfs and deahietieens, slnudd |>ut us on the 
ritrht I rack. « 

hr. tbdnn' oiiee* :odd that when he iia,ei \vidttiui liiivlhiug thaf. 
pirao*d him it tininedialely M*emed very eelfl imleeiT with 
huntilit\, feri mu«’h the same weiy, an if wliiil I hud said thin 
e\enine; is '»'0 apparent f hut everyone must have known it. f 
ean »udy liMpr that ed’the sugoeslions I hnvt^ made willladp 

the fleudopment and fiiust siiceessfitl upplieution ief tin* nlttuam- 
tini*t: eiirrenf moioix 
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i)is<'i:ssii(N. 

Mk. Townsiot) WouKHT:.-I have !h>(‘Ii vcn nnifli int. i-, 

ill Doctor Duncan’s ])a|K'r. If throws nithi-r ;i liilfio-i u: livh 
upon the subject of alternatiny: motors from ihc p ipor .o' M,' 
Stanley. lorom Mr. Stanley's pujter we eonelmhil [jci) iln 
alternating sy.stein, all the w:iy tlirongh. was mor 

economical than the ilireet. Ihif Doctor Dnnean ha- 'few n. i 
think ])retty conclnsively, tliat tlmri' :ire variou- !o,,, • tin re w fiief 
■we do not have in the direct .sv,-.fem. Tim !o>- from hi .i! limre, 
whicl) (le]>end.s n])on the .sijiiare of the eiirreut, 1 ffiini., j \erv 
neatly deinon.strated—the work di'pending on the proiiiiet ..f the 
ciirrent and the electromotive force, ch.-meiim in i-n u h. j,. t,,.r 
the eiectromolive force changes, while the . in i 

stantly pins, hecaii.se the sipiare of (he minn. % i . jd,) , 

well as of the plus <piantify. 'rimre is one a.'iian-, n , ! -hiuL, 
in the alternating .sysh-in which is entirely of ■, pmetie',' e-iiv.' 
irrespective of the efliciency, and that i.- that i,.ii d . n .» n .. .,„v 
commutator at ail. I ktmw mn- of ih- irrem-,. je-.eoied ditli 
cnities in motors and dynamos, is tim troid-le . f ham m a eom. 
nuitator. Of course, in favorahh- eoinlitioi,: wori.hi;., the 

commutator may last a long time withoin n- ed ,,f re|,,,ir ; hot. as 
I have had rea.un to oh.st-rve especially .d’ hin-, in r.-dlroad wand, 
the cmnnmtator gets played o.tf pretty ,i„iek in nmnim- rr. ef' 
railway.s. 11 there is any possibility ,d' rutmin- a ,,,.t r.dhv o 
with an alternating nmt.w, I think if would he a er-'ot ,di ,ot cm 
evmi jt It was not so eeottomie.,1. Ivr.m if it !„ , , ,iw 

Wiirty per cent, of the energy more thuti the direef tm.tMi' i thitd 
m some cases it would he prelV-iuhle. 

Mu. (J. O Maii.loux wouhl like to remark with rehuenee 

to the application of alternating enrtvnt, to ih.- pm--. ,» 

electruml tractio.i, h, wl^ .Mr. Mhdeott .allnd, . ,h..; it u.ll 

prohahly he some time before we sm-reed in mili-in., i, i,e., 
great may be the lulvantage of its use; heemoe the aheM.one- 
euiient motor fails to airord om- <d' the eldef iv.juin-m. t.i 
inanded m a motor, for electrical traeiion m.meh. e.,paeit, tor 
producing great tor.pie or elTort at the periphmw „f ,1m an., , 

<it the tune ot ntartinL^ Tim Ih i 

current will not do. Doetm- Ditiman Inis'p,,i„„.,i ,!'„,’Vl',e 0 '''"" 
sdy lor gradually putting the haul on, ,.o to .p-'uk • w bile -."u 
know, in eleetncal traetum, it is neee.s.snrv ,0 deveh.,. I . ■ • ' 

nig capacity or elfort. There is a gre.U d'eal of eon, 'ni:„; m. 
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respfct as ti> wliat is really r(‘(|aire<l of a motor. Yon may rate 
:i motor at a eiaiaiii povvta*, and it may 1 h‘ capaiilcj of gavini*; yen 
that taaap* when riiimin^ at^ a. <Ha1ainstated speed, yet the motor 
11 lay ! a * lor id I that, v i»i*y I a r I rom ans\V(.‘ri ni»; the | m i*| x )se,s w I lieh 
if must fid till in I motion, laa'aaist^ at the tinie <>f stai‘tiii«* the car, 
the ellYrt roquiiaxl is na^re stati<* than anything else, and while 
in order to meienre kinetie mM‘rg\- hy the standard of foot- 
jjouinls mn>l liaae motion and pri^ssare, or f(a‘t and pounds-—” 
at the time of starling tin* ear we liave oidy |)ounds and no fetd.^ 
In other uords, it i>, a static, dead pull, and the motor must l>c 
eapahle ol su|»| d v!ng I hat pull or else it <*jinnot [lope to he sncv 
lul in pi’opelling a vehi(*le (d any des(*ription ; and while a motor, 
a1 lia\e jiiO aiel, might ht* eapidde <d <leV(*!oping its nominal 
povser, and inor'e than that u lien running at a given s]HH‘d such 
a* UiMitd propi-l the ear at its ratixl miles |H‘r hour, yet it miglit 
pro\o ijidte inMde.|iiate at tin* tinn* of starting, and mon* (‘S|)e<*i- 
all\ it tin* ear hapjHned to he nti a grade or eurvi*, from tin* very 
I *n.t M »ng;mi/ed as to he ahle 0* <h*v<*lop (hat (‘iTort 
at the periph«‘f‘\ $0 (he armature which is n<*(H*ssarv to givt* tin* 
statie pull ; and that i,** wherein the alternating (*urn‘nt motor 
does not seoin to me to give any hop(‘, at h*ast for the prest‘nt, 
and for a emi idemhle j*orfiou of the fnturt* ; htseausi* we wouhl 
have {*» ie««* machiina-ys micIj a> friction eht(eh<*sand various <rtlnsr 
e|i,n;iee> of ihaf kind, so a- to grrnlually a.ppiy the work to tin.^ 
mo-f or. 

Min in Ik t lasarn: 1 here are two or three praetien! points 
llmf ie*,v i them tv|vemo me. In tin* first plnee, |)r, Duncan 
reh'r t»» tin- greal ee l of a laminated field, and he s|)eaks (tf it 
a- it it \M r»- praelieidiv a har to the use of kiminated lieliis* If 
I uer*’ ‘M.ioa to make a wrought trou held, or even if ,1 werv^ 
hiddiie* he a eMiiif,H'f to make wtaaiglii iron fields in quail- 
tide, i Inadd [irmer to make them laminated ratiier than 
inalvc tin-m «•! |oi‘;,dii’*- or auv other form of wroiiglti iiam that I 
ha\e«-\«r ora u rd Ua* dd> purpoM* - fitting bars toga*!limy for 
iiV'tanee., So t.ir a’-^ 1 ami eoneerned, 1 iirefer tin* liiminatious, 
and *dner 1 lane hern evperimeiiiing a litllf* myself, in this di- 
reeiiotn I f!a\e hreii qiiiie pjemed With that very feature of the 
a,ll«’rnatine eurr< m nn>!or ||yii tliey do inved\e lannnatv*d fields, 

in re!>ard fo fhr pni.iing tui of a, load suddeidy, Idmt i> a. 
thflieidly tto doidu, am! a. ^aU’ioy,^ one; luif sttll the Ifaul do(‘s not 
oo oil iih the mafhematieal siidrlennesh tliat ih% lluiu*iin assumes. 
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The belt will slip iuid .sf.reh'li nr !i -ju! ti.n 

i^radiiiiUy come on, Ot coursi* it woidil im im 

motor, and evcm lirinn- i(' (d a stand .'till u iili a .n. > I, 
siiddenlv' aitplied- but in ordinary ea.nn « I,, n- (!■. 
extreme, it will come on _i>-radn;dly. ilm ninf..r u id i.ii,,. j. ; 
think will run alono- Mdlh it. Of cnnisi' ild' i- all a mu,, tj 
degree. Ihit 1 think lld.s dil!i<Mdtv cnidd bn uu 

less. It Would b(! desirable to avoid inti'ndnein j .dfi-rna! io' 
rent motors where they had to suddenly ndm a iu-aw load 
that would he, of eonrse, a limiiaiion. 

As to the oljjeetion that Mr. .Maillon\ brniinii! up si:- 
alternating motor must obtain its .-peed i,, ,.u ri .mv' 
pull—itayiplies only to one particular l•.ind of ain i-siat i!..', 
•motor. |)r. Duneiin enumerated four. I do nn( , 

classification (exactly, but 1 think .Mr. .Maiihmx' ni.li n;;,,,. 

applies to one or two of the four ela.-t-. Tim nP - 

he entirely .u.tside ..f .Mr. .Maillou.x's ,,b, in,,. I hemf,,,'' 
alternating current, broadly speaking, h .nil! p,, ibi,. 
traction; and if :in jilternaling moior ..f eiiimr ,.f nib.'., 

ckuses can be made ofsullieinut p.,wcr it wnuid fart' in i ’! ' 
i« a (-(mtmnous current motor. The ,pn.,-,,nn i ,, ■, 

.•t sufluu^ Thalisadillieuh. u iih .dt, ...’ 

mo rois, t ie\ h,i.v(! not got the power nr lor.|ne. a Mr .M ull 
.s..iys--t.h(.y haven,.tg.,t the vigor in them that ihn .mniin, 
eurnm niotor has, up to the pre.seut tin,e at In;,.,; a,,.) ,i,n „ 
lem IS t,Mner,.a,se their elfeet make then, p,ui v 

lespiwt to th.ur size tluin they are pre-ent. Tim j 

more or le.ss ot aJternatiug eurr.-ul dvnamo.. f 

.. 

motors of the two clas.ses that .start tlutm.-lvn.. am fi; ,, 

clumsy and large for their power, and tlm.-e am the ,a, 

vvduch f l,,okJ., as being the one.s to itnpmvn and ..,.t"i 

pract,cal shape, beeau.se I thi,d< a motor ha, ..-nl ,,, j, „j, 

Older t(, be tiseful fVu'pnictmal work, and „„ anxiliam ,i, 

o an aumltary (mnmmfafor or a,ny other a.txiliarv appara.n i 
vuy ubjectionahle thing. Of eo„r.se if 

"!r,l;a^ -er/":,..;;.;: 

Mr. MA,Li.,„TXn-r just wmit h, add a word of eonnneni t \ 

to’starrtlwhich wo„J*d 
able to stmt tliemBclvos and wl.ich he (i,i,d<s ndgh, p, 


Mr. .M;, 
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<level<>[) the ter(|Ti(‘ !‘e({nire<l are the very eiies w’hieli are no longer 
free from the (llsa(lvaiitng(‘S of <levi(a‘S f()r c<)nii!iutatiiig ainl other 
troubles of ihat kiml whit'h are incident the e()ntiiiuons current 
mol o!*. 

Now, as to the pnaliu*!ion of lor(|U(s, I think tha,t the o])|kxd:io:n 
still holds g<»o(l, he<‘ause the trouble of heating a.s it is related in 
somi‘ wav to s(‘ll"induetiou~or, at k‘ast the production of eddy 
ciuaamts in lias mass of the iron it.silf, evtm though it l>e laini- 
natisl still ap|>lies; and as in order to |)rodu(a‘ a powerful eifort 
at the poriplnnw of the arnuitun*, it is ne(*(‘ssarv to increase the 
current vorv largdv, 1 doidu, vm-y much if tln^ (uirve of tonpic 
woidd 1 k‘ su(di as you would obtain from a. (amtinuous current 
motor. 1 Icar that it wouhl not rise so (pnidvly and that it would 
rtaicdi tlu* limit \’cry mneh soonm*. d'hem lK‘sid{‘s, I do not see 
liow it would h(^ possible, with the pr<‘sent i’(*s(Uir<M*s of tlu‘ art in 
ties presefit stafo of its de\(dopmoiit, to r(‘gidat(‘ the (‘iirnmt, so as 
to i*ender th(‘ use of the motor hu’ that. purp(JS{* as elaslii/ as the 
(•ontinUiUis emaasnt m<»!or, laseaii.si*, theia* are a mimhiu’of hmitar 
ti(ais i>r eonditiiUis impostal by the (airnuit itst'lf whicdi art* ve!*y 
liard to ovt*reome. 

ham TUNA.\ r !*'. d. Pa'i-pkn : .Dr. Duneaii has shown us that the 

<*urve (d’ etuinter t‘l(*etromotivt* foret* has a. variahh* |)osition with 
!*(‘speet to th(‘ mean, /. /ost'illating from sith^ to side, and I 
wish to a>k, udu*{her any sutdi ost^ilhition takt\s [data* tu* not, pro 
vitltal tin* motor i- running U!nh‘r a. <a»nstant loael. 

Dm Di xoan: 1 thiidv tlit* oseillatitui will lakt* |)laet* iio matttsr 
what load i on iln* mntor; heeanse in a part tsf t*vt*ry petlotl > 
ainl a pi*rio«l falxes plaet* t*va‘ryone tlir<*t‘diundrtalth «d’ a, s<*ta>ntl » 
tilt* iinUtM* is not a motor at all, it is a tlynamo. d'hat is, it is id)- 
stdulels putting eurreiit inU) tin* main tint*. Tin* tudy uay to gtf; 
tin* enor!SN iothnnv that eurrent Inf«> tin* main bin* is, by tlta'reus« 
ing: its speetl ami tlrawing frtun its t‘nergy of rotation. dTieia;- 
fore, uhere i( i> in flit* )M»sttivt* artsas, if. will slt>w <h>wn in spt*t‘tl; 
wlieia* it i . in fin* targi*r nt*gativt* ari‘as, it will in<*rt*nse its sp<‘t‘tL 
Ihii the o eillaiion will tHa*ur whciht*r tin* hnnl is tamstaid or imt 

Lna nxsM- IfATiivx: d’ln* <|m‘stit>n is fully answeretl witli a 
sing’lt* t*\{*i‘ption rt‘gartling fin* Idgli nundH*r t>f altt'rnatituis. I 
woultl pre>ume that tIn* t)i*«cilla!itui n*ferred to is inlinitt'simal hi 
its <*hara<*it*r ami wt»uhl makt* ini tliirercnee In the praclhad regu¬ 
lation of the nnatu' in a tiniti* amoiint tirue. 

Dm Dcna'an:'-I f the ioott>r were driving a load wliicli liad 
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a considerable inertia—uiiv ivv,,hi„i,. a|.|.arafiH whicl. had 
cousulerable merfia coiuiiaivd with thr ;uii,,iirii ,,{ wurl ' M 
amount of the uscillatiun w.mid in- intinin.-imal. Mm if ' 
motor were li^j-bt ami were liftine- a heaw wri..-ht fli,.,, ti" 
amount of o.seiilatiun wmihl be very nmi,.ea'ble. ami w,.ul,l w i 
ously (leerease the maximum work whiel, the mmer euul,i do 
-Mm (bt<.()K!.:i:;-.-^--As rc'minls the rey'ulati.m ..f nmn.m and ti, 
w,.. Maiii„„x . . ,.i„ i, 


of alternatin_i>' current iimtur that I have 


ately IS partmn arly a,lap(ed tu heiuy iv.adated. (),„ .,f 
the most iles.raiiie means of ree.„latiuu in ani umtor .-an uof be 
insed man m-dmary direct cnrr.mi motor, on ace,,nut ,,f .parkim.. 
that as, .s nitnii.- the l.rushes, \V!.e„ we reonlaie a motor Iw 
Khiftm^- the l.rnshes, it creates very seri.nm trouble there, beea,,; 
we pass oil tim non-sparkinc- poi„t to ,|,e sparkiim .-ooe .„„1 
that IS very objeetnmai.le, because that is realiv the ..re-.t d'itli 
|•^it,v,a,s_someo( „,e speakers have said, in all motor, and dv 
'•““".S M., , the commutatorsaud bru,d,es. 1 , happen . that oim 
altermitiup- motor works in just ,he opposite wav exacflv 
.1 'iie power you decrease the .sparkiue , 

n-i-'ulutc it in that wav, which I lu-nh 

Me. Maii.i.oux How .abom the tor.pie' 

|»,>xsilili! to 0,1,1 liv,. , , "f '".y" ' "tt ,1 ;*' ri,-|.,iir 

llii., way, Kn„l„„|lv ,.„„x ||,i. r.s„|i"'„i,'V, it, 

lieavier loud ,h„| " 

'U'™t„.„ ....... 

.... 


there, l.eeailse 
Idll;' ..•.i>ue, ;m,| 
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tial motors. The alternating motors which have been described 
seem to resemble the constant current motors in liaving a con¬ 
stant torque. I would like to ask Dr. Duncan to give us a little 
information about wliat can he done in shifting the proportions 
or changing tlie design of alternating current motors to make 
them rcsemlde more closely tlie constant potential motors, so 
that greater torque will be secured when tlie motor goes slower. 

LiEiJi^ENANT pA/rTKN :—I liavo designed a form and made some 
elementary tests of a motoi*, of the kind suggested by Prof. Elihu 
Tliomson in liis jiaper read before tlie Institute last spring. I 
have always rtigarded Professor Thomson’s motor with a great 
deal of a-dmirafion. It would seem from some of the discussions 
we have listened to, that wliatever work we are going to get out 
of an alternating system, must be a question of difference 
between two factors opposed to eacli otlier—the self-induction of 
the circuit and tlui power generated as well as the heating. 
InasmiK^h as all our results must be due to the difference between 
the two ([uantities, I, Iiave worked u])on that line, trying to give 
that differmnai its greatest possible chance to do some work. If 
you will renuardxn*. Professor Thomson’s motor, as Dr. Duncan 
lias ex|)lained it to-night, consists in a fixed field and a revolving 
arniature, the circuit of whicli was closed wlien it (iarne into posi¬ 
tion of action ; at that jioiiit the circuit is momentarily closed. 



Fig. b ilhistratos tins {irinciple. S is a Bolenoid with soft 
iron (a)r(^ /, and I) is a closed circuit of liigh self-induetive capa 
city, pnd’erably a copper disc. Wlion alternating currentB are 
Hcmt through the*, (»oils of the solenoid /S^ and the centre of the 
disc* /) is not immediately in the prolongation of tlie axis of the 
solenoid, tluuu* is a temlency to separate, as mdicated by the two 
arrows. As in all forms of alternate current dynamo-electric 
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macliineiy, tlie effective effort is ahvavs dtie to a (iilTeiv,,,.,- 
between two nnequal juhI o|)p,,siiii.- uctioiis. ,-.0 in ;,„v m:i.-l,inVr 
wbicli tbe principle thus (leseni.e.i fin,is application, ih,. ro,','." 
torque or monieiit of rotation will be ,iiu-onU- to a .liffeivnc^q' 
two efforts, as shown in tlie preeediiia' analv.-i,^; :iii,i the machine 
here illustrated is ii .simple mechanical arraimvment of p.arts th,'. 
purpose ot which hs tocau.se this tanpmtial etl'ort, howi'\er small 
to work at a po.s.sil)Ie ma.ximum ,,r advaiif.-i-c. ’I'Icm. u ho re,'all 
the forms of rnacliine illu.strabai in a former h-ciure ami ba a I 
upon tins principle, will remember ,a form of m.a,.him. not ,liff.r 
mg widely from the ordinary .iirct current urn,•him- Th ’ 

armature placed at the c-entre of li... ....d-te',! of ' 

number of coils ot high self-inductive eapacitv, il„. .iitfcrent ..i,', 
cuffs of winch were closed in succes.shm im tin-v arriv,.,| i„ 
position 0 ma.x-nnum repulsive action. i„ the'machine I I 
designed the applicath.u of the .same principle is re.er..e,i vvbl 
le apparent effect of producing a more conlinttous n.tarv .•iFort 



i'‘igurr la 


i'lKiuv la 

as well as a greatly increased moment of rotati „ l • 
placing the iioint at which the elFort is „noi . 1 ' ■' 

axis of rotation, and therei.y giving to' tl.I. fllv . i' 'i' 1''""' 

small, a mucli greater levMU'ann. Kjg,. l,i„nd 11 •,,•" "' '1 

elevations of the maehiue, and l-n. jo j. . ■ 

and connections. A polygonal frmnc” A' 

lateral strips /V" A" and all is wn, , ^ >«fomiecicdhy 

Secured to ffe laffnu 'wf A'l; r:':* 

Z) J) and (I (i^ '/ir ^ ^ 

machine; they are arnmged ^Tlntd armature of ,he 

frame structure, ami cimsist ..f'ei ei ’ m";' "' 

capacity that remain perfectly elLed ‘'"'"-■'''' a 

A spindle Fig, fo ll 11 • 

fo ml 11 , carnuH a ruvulvitig switch 
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0^ or sunflower wliicli is secured to the spindle and turns with 
it. Tliis sunflower coniniutator constitutes one terminal of the 
machine, wliile an insulated ring h +, and its contact brush se¬ 
cured to the support P 1\ constitutes the other. Under each 



set of dis<*s, I) I) and d and secured to tlie spindle fr, is a set 
of sohmoids. Those of one set l)eing placed at an angle of 45 
degrees to those of the other set, from winch it results that tliese 
two sots of solenoids will eacli come alternatelj into action with 
respec't to its own set of cop])er discs. Each set of solenoids has 
its four coils connecte<l in s(u*ies ami the two sets are arranged in 
two indei)endent circuiits. Botli liave one terminal secured to tlie 





contact h - j •, a,nd the other terminal to the alternate segments of 
the revolving sunflower. This system of (jonnections is sliown 
in Fig. 12, in whic^li tlie eiglit-part eoiiniiutator is shown with 
alternate segments connected to eatfli other in separates series; tlie 
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coils S'-, S'^, S'\ S', form one sot of ivvolvimr Miloiioiils eoiinoctiMi 
ill seiiCiS from tlie rulibiii”’ (•ontriict h f wliicli liu'tiisniic ttn'minul 
of tlie inaeliine, to the eommutator sen'immt t ami ilimn-c fn all 
the odd mimliered soj^meiits. In like manner rlie mlicr set i>f 
solenoids S\ S\ S% S\ are similarly <-onneet.Ml i,, >eries h. all 
the even numhered soijjments, f"', r'f Frnm this ar- 
rangeiueiit it results that as the spindle revolve,., .■arrvinu these 
solenoids as a sort of ily wlied, the allernaliiiit’ enrrent will he 
sent in rapid sueeession first tluough one .set'uf .s.denoids, and 
then through the other, atid hy siiimhly plaeing this e.minmta. 
tor upon the spindle it ean he mu<le to semi the enrrent 
tlirungh the diflorent sets (d soleimidsduringthe perii>(is<if nia.xi- 
umm elfort of repulsion hetvveen eaeh set ami its e,,rre,.pomlim.' 
set of eoj)per dis(!s. ^ 

I lie moment ot rotation is evidently a maKtmiiin under this 
system of eonstnietion, and hy iiiereasing the niimlier of sets of 
solenoids that follow? eaeh other in uetion, the etfurl of the rotarv 
tonpie may he made nearly eontiiuioiis ami eon-tani. 

It IS evidently not eonfemplated that this im.tor ,shall ilrive 
horse ears. ^ Its etiieieimy is not high, and it.s f,,rm renders such 
an appheation quite impossihle, hut it run find a plm-e in the 
smaller mdiistries, when* light motors till „ definite requirement 
*»'<! render a.u alternating enrrent .•inmil a |.aying one ilnring the 
working’ Iiours of the (Imv. 

Hi'ntkk: d’he question is one whieh is verv familiar to 
me practieally. I am at present Imilding a iiiolnr of ’ei»ht Imrse 
power tor oiir work in Philadelphia whieh I ihlulv w iU oveieoine 
a great many of the dillieulties that have Immui sn.-e,sf..d here 
tins evenings We have had tried u great manv experiment,s, in 
motors having f,e d magnets in whieh the eore,. were hmiim.fed 
and also solid W e used laminated e.ores ami we have ahamioned 
them for solid eorcs m eonthimms enrrent motors. We now use 
solid lurgings for the field eures. The laminated eore,s are sli-htlv 
more e.xpeiisive, _that is if properly e„n,s,rnete,l; hut tlmvl.av; 
not the great olpetion that has heea urged am.insi them here 
this evening, it they are constrimted properly. That i,. In .nv vm, 
can adopt a mechanical constrnetimi for the e.uv,., of the,.;, field 
magnets wlncii ,s mmomical in an allernalii.g enrrent mot,,,. I„ 
mu connections ot inotors with a latr, we ,.an .arsilv t'nl thr. 

motion. J heretoro wc can get a shiH with the motor hefore 
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the fixll load is thrown upon it. Of course, in practice, the car 
2 ;radually starts ; ]>ut at the same time we do get that effect, for 
the relative difference in speed between the speed of the motor 
shaft and axle at starting is far greater than after the car is fully 
in motion. We start our motor and get a certain portion of a 
revolution witliout a particle of movement in the car. I certainly 
expect to sec an alternating current motor used on electrical cars. 
Tlxe question of alternating motors with secondary generators is 
one tliat has l)een familiar to me for a good many years, and one 
whicli I have looked forward to as a possible future in electrical 
railroading, parti(nihirly on account of the great olx jection to large 
conductors where we are using line conductors; tliat is where we 
do not propose to use the secondary battery and where we have 
a large Tiumlier of cars on the same circuit. 

Mr. Warino :—I fail to pierceive tlie particular advantage in 
running street cai*s of applying alternating currents for tlie trans¬ 
mission of power. The principal advantage of the alternating 
system is lost when the E. M'. F. has to be reduced, and in the 
present state of the art of electric trimsmission of power it is not 
practi(*able to transmit power—oven continuous (iurrents at any 
liiglier electromotive force than probably seven liundred volts, es¬ 
pecially in striait railways, with bare over-head conductors. Tliere- 
fore I would like to say that I cannot see any particular advantage 
in using an alternating current when a continuous current will do. 

Mr. Wn KRLKii:— As Dr. Duncan’s explanations are so clear, I 
tliink it won hi be intteresting to have him continue, Jind 1 would 
like to havxi him tell us something aliout the comparison of tlie 
tor<[ne of tluj alternating current motor with the direct constant 
current and the direct constant potential motors, ii he is willing. 

Dr. Duncan 1“'—With regard to using alternating current nuc 
tors for street cars, 1 cannot see the advisiliility of using tliem at 
Tireseut, until we know a good deal moi*e about tliem, while we 
have coiitinnons (uirreut motors whicli I think very much bcttei 
adaphul to tin*, work. 

With r(‘S]>(Hd; to the torque of tlie alternating motor; it will be 
a maximum whim tlu^ period of the electroniotive force is tlie 
same as the period of the counter-electnimotive force. For in- 
staiK’.e, if you have two curves, that (illuBtrating) reprcsentiug tlie 
curve of the main line or tlie curve of the dynamo which is sup¬ 
plying the (*.ar, we cannot got a greater maximum product than 
by using a curve whose period is the same and whose jiliase is not 
very different. If we had a number of reversals of the inipressed 
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E. M. E. that waj, (ilhintnitiii^n i>f cnur-i\ il»- [.nulu,.! i„, 

, very much less. The greate-st fonjii.- will !„■ ilu-n uiin, th,- 
versals of the couuter-electruiiiofisv luivr aiv ihr -unu- a- -j,,. 
versals of thecurroiit; that is when tlic iii.tr..r j,-. ai ii. nunual 
speed. Of course, for .street ear work we want to .tart at a"v'*'-' 
slow speed, and with an ordinary fypt' of alieriiatino- iii,,tor iVi' 
not refer to any special tyiies witieii have Iwoi, hnaieht lorua'r'i 
and more or les.s de.seri!>e(l—init with ati <.rdinar\ fvj„-,,f alf 
nating motor the torque at tirst is vry small iud.v.i'; and a'-' 
if we are to feed our motor from a deiorminato >oiiroo ,,f lauw"*' 

I do not see myself how we can mak.'th.' lor.t,,.. ,.,,-,1 -o i* '' 
speed. Of c„„r.,c if .ve „„ 

by commutating after it gets on the ear. tlnm tia. jwriod of 
alternation of electromotive fon-e and vounior ).l.-,.tr,.n„.iiv,. 
orce can be made the same, no matter u ha, j 
But If we are to drive fl.af: motor fro,,, a dvi’inm ,Lt 1 " 
a lapid number of reversals, 1 eaniiot see tlait the toroue « 111 i " 
great, unless the dynamo has i„ reality reaeheri t *' 

speed. For the nia.vimum weuh whh/h tn : 
from an alternating motor, Mr. !Iutehin>on Juh Ill’ll,",^'"','"" 
out the problem and finds that if u-e make the rl'' 
positions and work the motor at its marimnm: th^t:::' 

..... 

.“r'a . r'- ... 

othsrdata, providing. "r O „„v 

maximum work. flieriVm! . t '' 

finds in his equations which wnreimhh!”is'n 

g-e this maximum work. After we have .iesigned’ lu't'Io m:' 

mum work to be obttiined is “ qq.,,. ; . . , 

.... 

mam work from a m!,i,rTt"'|“,' ... m'l H"' m».i 

obtained from a Siemens aitern.? "'"'T “'**"'*' have 

tromotive force should he greater f!wtl ' 

eiectromodve foroo d i,„ ..A;.;;:,,,';';:' 
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torque, as I said, would l)e greatest when the machine is running 
at its full number of revolutions. 

Mr. Crocker speaks of an alternating current motor, when a 
load is suddenly thrown on, gradually l)ringing the load np to 
its maximum speed, and the belt squeaking. If he tries tlie ex¬ 
periment lie will not find that the lielt squeaks, but the motor 
will suddenly stop, for unless tlie load is brought up to its full 
nunilier of revolutions in one period of reversal—in the Westing- 
house system, in '/.ju,, of a sec 'iid—the motor will stop. Of course 
some arrangernent has to be advised’ to prevent tin's. Mr. Crocker 
speaks too, of only using tliese motors wliere the maximum 
loa,d will not be thrown on suddenly. Of course that is limiting 
tlieir use in sueli a way that the motors could hardly be com¬ 
mercially applied. 

1 cannot see that an alternating motor such as I liave described, 
that is a dynamo working Iiaclvwards with a continuous current 
to start it and excite the held, will not be at once practical. You 
might say tliat tlie jilaii complicates the motor by ])utting an 
additional commutator uixm it. Ihit the commutator is of the 
simplest kind. There is no wear of the brushes except in starting 
it, because after the machine is started the brushes are I’aised; 
after it has reached its lull number of I’cvolutions, you have no 
wear of the commutator or sparking at all. 

Lieuteuant I^atten lias brought forward a very interesting 
form of machine, a modification of Professor Thomson’s plan, 
which we cannot but regard with the greatest admiration. The 
ditliciilty as 1 see it now, in such a motor is that, as I understand 
it, lueuteiumt J’atten has revolving electro magnets that come 
opposite copper |)iec,eH. Am 1 right '( 

Likut. Ib\rrKN :—That is the idea. 

Da. Duncan :—The only ditlicnlty in this is that currents 
must be induced in those cojiper iiiecesiii order to cause the revo¬ 
lution of the armature. Now what heeomes of the energy of 
those currents i! Kvide.ntly it is lost in heat. If the energy of 
rotation of tlie motors is very great, the current induced in tim e 
pieces of copper is great. Therefore the loss must he groat. 
For myself, I think that the two jirohahle forms of motor are the 
motor I have de.serihed ami some rnodifieatiun of Professor 
Thomson’s motor. Whether lueut. Patten has arrivmd at that 
modification 1 do not know, and, of counse, cannot tell witliout 
further data ami expenmeuts. 
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Mr. Crocker again speaks of tlu' sj.arkitiu- <,f flu‘ altonui in 
motor being a minimum when it is rogulann’l. ] .j,, ,„,f 
in alternating motors that have (aiminutatnrs, that is, that Iriv ■ ■ 
uumber of bars tlirongli which tlic current is constantlv fiowinJ 
ihavetried experiments with contimmus current (Ivnantus w..rl-.a 
as motors, and lind very little <drcct from them, 'h, order o m 
a large output we must have thccuunt..r.clcciro mo,i^f,.,,,. m-n,, 
motor eqmd to its self-induction, and that is d.uph in.possiblc i 
practice. If .you .join up an ordinarv series nm,.;.- with a so„r “ 
of alternating electromotive force, ami tium with a. corresjumdiim 
somee of continuous electromotive force; in (he (irst <-ase you 
can stop the motor b.y .just laying your hand on it; with the .‘.on 
tmuous current .you liave a comj.arativeh. immense power. 

to iUJll tJuit it IS a |H*nci‘SS I Invt* nn J *, 7 T 

sneh is the case, it would have a distinct advalitlm/in 
d.ynamos of every class, Iiecause the alternations of .mrnmt in (he 
aiiiiature must cause induced currents in (he poles, and if ^v,, 

hudd a laminated pole more easily than we can a ... pole' I 

thmk it^vou Id be policy to make all our poles laminated, ilow- 

iy (iiTt u»d can hard- 

Mr. Waring made some remarks which emi.ody mv senfi 

on a street car. The only difiicnltv in '! '' 

tor lies in tho commutator am] thc' luaishcs *" There h''!’' ,"! /'“t 

suppose when the car has to g<, both wavs ‘ \ w i i 

re^erySr;! ^ 7 ^'' 

enough we would Inun, very h’^l!" un"m " 

Porly we have absolutely mi snarkimr 1 ii • I'''! 

a reference made by 1)/ iropki„Ko,ri< i T'" 

sparking. It Is well known in laboratorv\v!'.rl "‘‘ti’’ 

hrnlge over the coil. The current .m' tl '''-iish 

enited coil, and through the 1 ,rush lad b^ ' 7 "" 

when the armature reaches a certain nositio,', t'l 

<»ii i» M>d,io„iy thrown into i),,, 

aiKlcknily changtKitHif itH \ i ^ 

not exactly the same l.alf the imrren n7l 

a change of current taking place in 

place m an infimt.dy short time, 
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would develop an infinitely liigli electromotive force. It does 
not take place in that time, but rectifies itself by an arc, the cur¬ 
rent being still partially short cmcnited. This effect can be ob¬ 



viated l)y having behind the main brusli anotlier l)nisli; tlie 
resistance between them l>cing fonr or live oliins, or sometlhng 
of file kind, a.s shown in Fig. 13. Then the eiirrent will rectify 
itself l)y ])assing tlu’ough that anxilliary brnsh, and though some 
energy will 1)0 lost, still not more than in sparking, and there will 
be no wear of the c(>rnmntator. 

I th ink I have answered all tlie questions that have been asked ; 
and 1 will ^ay figain that I liave a .Inn faith in the ultimate suc¬ 
cess of alte ’nating current motors, and I think that tlie twoforms 
to whicli we inustlook for results are eitlier sim])ly the dyimmo 
reverse, such as I have suggested,or some ni()(lifi(aiti()n of FroFc^s- 
sor Thomsi I’s dynamo. [Applause.] 

The Frio idiont:— 1 think it must be a source of great gratifi- 
(‘.a,tion to all of us, as laemberH of the Institute, to sec from the 
re(*.oi’(ls of tliB society liow far the papers whi<*.h luive lieeii lire 
before us during the past year have served as tlie basis of 
very interiisting and important investigations into th(‘ subjisc 
alternating (uirrents. Tlie paper whicli we liave had bed*' 
this (iveming has been a very valualile (Hintriliution to th 
ture of the siio ject, and it has afforded us all very great 
and profit to listen to it. 

Adjourned. 
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THE MAXIMUM EFFICIENCY OF INCANDESCENT 

LAMPS. 

By Jotin W. Howell. 

Tlie word efiieieMcy, wlien a])|)lied to an incandescent lamp, 
is used to designate tlie amount of energy required hy the lamp 
for the production of a given amount of liglit; thus we say tliat 
a given lamp lias an etladency of tliree waits per candle, at six¬ 
teen candles, meaning, that to produce an illumination of sixteen 
candles we must snp))ly the lam[> witli forty-eight watts. 

The word efliciency, when a])|>lied to a prime mover or to any 
piece of a,j)|)aratus that (*hanges energy from one form to another, 
or whi(‘li transmits or utilizes eiuirgy, has a well-defined nuaining, 
and is used to rcqiresent the ratio of the energy of the us(d*ul 
(dfe(*t prodiKied hy the a])i)aratns, to the energy necessarily sup- 
])lied to the a])i)a,ratus to enahle it to procliice that effect. 

All inc^uidescent lamp transforms ek'ctrical energy into heat 
and liglit, so the use of the word elficiemy to denote the waits 
per candle re<|nired hy the hun|) is not a |>roper one. denote 
|)ro[)erly tlu^ (vltidency of an inc'.andescent lamj) we must he able 
to S(,iparate the energy of the light jiroilinaMl liy it from the 
enun-gy of the heat j)roduce<l. Then the rafio of the energy of 
the light to the el<Kd:ricaJ energy re(juir(i<l by the lamj) will he a. 
(iorrcH'f: tvxpression for the efficiency of the lamp, and w(‘ will 
havc^ to iind some otlnir word to designate tlie watts jxn* (*andle. 
In this papm* the word efficiency is used in its ordinary improper 
senses to demote tlie watts per candle required hy a lamj) when 
Iiroducing a, given amount of light. 

Th(^ cilicicmcy of a lamp varies with, its cxindle powen*. The, 
(mrve^, Pig. 1, shows the rate of this variation for a particmlar 
lamp. At 5 <*an<lles this lamp lias mi efficiency of watts per 
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<miidl(3, at li} it i-> -Ll ju-r ■uni ar Hi 

it is watts jH‘r eantlh*. 

Aliy statiaiH‘nt ri‘^U'ar(iir{i»’ iht* (‘iia-iriitn ni a lanij, niu..f tj^ 
fore, 1)0 aceeiii|Kinit‘d l»y a starfinnit m 1’ f he i-aiid !* puiu-rat wh 
it lias tJie statetl idiieieie'V : witliioiuid- ii i.. 01. 'I'j^ 

is liotliiiig' ill an iMeaiide^eeuf laiiij* it.-M,'!}" Uiat 



cflic-ietK'V' or in imv wuy iii<iica(.-. whai ii i , 'n,,. i-,,,,,. (. 

yimh (hofurvo, Kio I, was fn,-. «i(!un ,h,.li.uil 

•In,! (nirve, imy dlicioury l.chvoci t! aial V uaii j,,-,- .mioIIo. 'I'| 
Ip' ,simply (yiuigi)i;^ tli.M-amll.' povvoi-oC fl„. i,H„p, u.-.ain ..n..; 

It aC, any dhnoncy wodiooso, ami m-l a. mm-l, or a- liiilo li 
par watt as vvu clmoso. 

In aoiiiim-rcaal praafico flic ..malic p,,w.-r ..f lamp-, is alw 
markcal on them ami Ihcir cflidcucy a! (hi., camilc powc, 
Btatcl; huttwen this is not a proper imh-x ,,.(1... xalucof 
ami) t" itH proper ellieieney. l-Apcriencc ha-, shown f 
amt,s are almost, universally nm ahovc (h-ir nor,mil rali, 
lanips rated at 4.5 watts per eaml!,. are nmallv ran m Crom 
to 4 watts per eimdle, and in onier to make lamps d.at will sir 
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tlie Btraiii of l:)eiiig ran above their rated capacity, it is necessary 
to rate theni consideral.)]y l)elow tlie efficiency at wliicli they will 
give tlie best results under ordinary circunistances. 

Lamps luive lieen made and sold in England wliicli have a 
very high rated efficiency, l)ut parties liuying tliese lamps are 
told tliat they will get very imich more satisfactory results if 
tliey run the lamp heUym thevr rated oeepaalLy. So we see that 
some lam])s are rated aliove their capacity and some are rated 
lielow, and tlie rated efficiency of a lamp is not always the best 
efficiency at which to run it. How then, are we to determine 
the efficiency at wliieh a lamp will give the best results? It is 
this (|uestion which. I will attempt to answer. 


Curve showing lives of equally good lamps, 
burned at different efficiencies. 



Fig. 2. 

Tlic term “ inaxiimim efficioJicy” of a Iam|), as used in tlie 
title of tlii.s paper, does not mean tlie liiglieBt ellHui'ncy at which 
a lamp can be o|)erat(id, bnt the efficiency at which tite Ixist re- 
Kults are produced by the lamp: or more aeeurntcly, the cffuui'iu'ij 
at a}h-ich the, <mt of ojx^atwuj the lamp ia a mhhhmuin.. 
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Taken in this latter sense, the niaximniu of a lamp 

is not its highest etHcienev. As we increase (he camilc |Hi\vcr of 
a lamp its efficiency increases; cdnscqmaitiy, hy rimniiig ihe 
lamp high enough we can make its efriciency so high thal eery 
little power is re<piire(l to [troduce a given amount of lighi. anil 
the cost of power to produce the light is very small. Mat, while 

Lamps 85 cts. eaeh-Life 6CO' 3 W.itts prr C.tnUU'. 

Current costs 10 ctSi per I4L per luturh 



Mininruin 34 Wattn prr 
Maximum EffiCtt/ncy 34 WAtls pnr 

rig,, a. 

tliG efficiency <hl the liiiup ni(*r<‘{i,hi\s, lift* ium! jf wc 

nm a lamp at too high an eilieimiey the sav ing in (he eo,s| of 
power is mort* than hahrne(*(l hy iht* inerrarserl i'o.^t itf lainp in* 
newals. 

To determine tlie niaximum ellieiemw for laniji’^ nmh'r ‘'iven 
conditions, we must determine tin* ellieieney at vvldeh (he '•inn of 
the costs of |)()wer and lamps is a minimum, and in order to do 
this wo innst know tin* rate of variation of (he litVof a lamp with 
its efficiency. 

Ilic curve, kig. 2, shows this rate of variation, 'riii.s etirvi* is 
the result of very eari'fully i-oiidiieted evperiinenl.H made hv the 
Mkm eompany. These experiinents exteiidetl over live veutv 
and eonsumerl a very large nnmher of lamps. Its aecura.-v when 
applied to Kdison knips is heyoiid .im<slio!i; hut our experiment,- 

with lanips having an artilicial ... ... or 

Tliwhed” lamps as they are calleil, show that their rale of 
*ion of life and (‘flieirmcy follows a diiren-nl eiirv e. 

mne, m>t. apply („ hHluutlaai himpx. If we take 
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two Edison lamps and burn them at different efficiencies, their 
lives for these efficiencies will probably not be siicli as indicated 
by tlie curve, nor will tliey be proportioned to these indicated 
lives. But if we talvo one linndred lamps and burn them at one 
efficiency, and another Imndred erpxally good lamps and burn 
them at aiKjther efficiency, tlie average lives of the two sets will 
be proportional to tlie lives indicated by the curve for these two 
efficiencies. 

In order to determine at what efficiency the cost of operating 
lamps of a given cpiality under given conditions is a minimum we 
must calculate wliat this cost is at different efficiencies. To do 
this we consider tlie total cost of operating the lamps to be made 
up of two parts, viz., tlie cost of the mirrent and the cost of tlie 
lamps. The cost of the current is made up of every expense 
incurred in operating the lamps, including materials consumed, 
labor, taxes, insurance, rent and every otlicr expense incurred in 

Lamps $1.00 each-Life 600 hrs.at 3 Watts per Candle. 

Current costs 10 cts. per l-P, per hour. 



<>peratiiig the plant, except the cost of lamps. Tlie cost of the 
lamps is an item by itself, and is tlie amount wbicli the lamp has 
cost when it is ]nit in use. This is a natural division of the total 
cost of opm-ating a jilant, since to produce light liy incandcsenee 
all that is n(‘(*.c\ssa.ry is a lamp and current to operate it. 

If, in any (*.ase, we know the cost of tlie current recpiired to 
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operate the larup.s, the ei»8t of the l.aMip.% the- l.ifuj,. 

■ _that is, the life t!u‘y will o!ve whrai luiria-pi e » i, » 

(3ieiiey—auel the rate of vuriati«»e of tlioir lifV u eh ♦ ‘lirii 

can then calenlate at what: etlitaeney th*' **■..,! ..f i,|., 

lamps is a niiniinunn and this I ea!l fiio ,,f 

those lamps. 


Lamps tl.OO <!ach-tife <500 hfi. 4t S W4!!i v^t Csn i 
Current m$i§ S tt«* prr H\ pt** 



3 4 W4li* |r«>f Cffttf:#* 

^ MuisfHum at 3.5 W^tli imr Cstit l 
• • Mi*.ssimum £a.t 33 C^mUm 

ri|. $. 

Tlio f<)lluwhi|i: t‘Xfiiitpk>M hIiow wlmt thih i jlifi. ticv 

under varyiiif; <‘(»n<lifmiw of tlit* ,.ok{ of !)itii|.", fl... .4 rurn i,t 

and the quality of the hnu{»K of tl,.- hMOjw | h,nr wtrini 

between 25 wnN and ^I.UO raoh. 'rhi- .'.mt .,f ..unvni u»ri,-., 
between 2.5 centH and fiM-fUta {ht h, |». [.or h.uir, 'fho quality 
of the lamps varies between .’Htu hours life at .'i vutK*. p.r 
candle, and 2,4ui) hours life at .'1 walls per eandle, 

In each of the followin/i eases I have euJeiihiti-d the cmi .,1 
operatinpj 1(H) K! e. p. lamps l,(iim hours, at .wh .4 the 1 tliei 
encies eomprised iu the eurve of fotid eost, -I'lirm- .mru-,, d-. u..i 
show the cost of rumiitig the sjuiie hitiips at dilb-reiil elhei.-uri, 
but the cost of ruuninjyf wiimlly g,Ma! Jtl eamlle l.mum „i the 
differtiut effieitundes. 

J he first ease we will eonstder is shown iu the dia^'iuiti Fit;, d. 
In this ease tlie lumps are assumed tt, eost sA e,.(,i» eaeh and fe 
have a life of ((00 hours at .'I waifs jaw eat.dle, 'I h.- .-unvut h 

asBtnncd to cont Id cciif.H jH»r fi, p, liiiiii*. 




* 

: >1, 


^iirr*iil 

■Viirird 

%}irii'H 

f inilitv 

f pi |iirr 
"* Jwf I >1 
I |m |i»if 

*1 till' 
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Tlie cost of tlie current is determined from tlie following 
fornnila: 

Oiirreiit cost= 

w. ]), c. X lf> X IdO' X 1,000 X cost of ct. per li. p. per hour. 
. . 746 

And the cost of lamps from this formiila : 

.. , , cost of one lamp X 100 X 1,000 

(,;ost of lain;i;>s==::-^^- 

Life at given efficiency. 

Tlie curve marked total cmt sliows tlie total cost of running 
100 16 c. p. la;m|)S 1,000 hours, the efficiencies of the lamps vary- 
ing between 2.5 and 4.25 watts per candle. The efficiencies are 
sliown l)y the vertical lines, referring to tlie scale at bottom. Tlie 
value of tlie total cost at. any point of tlie curve is sliown liy the 
liorizontal line througli the point, referring to tlie scale at the 
left of the diagram. 

The lowest {loint of the curve shows the point where the total 
cost is lowest. This is the niinimum cost of operating these lamps 
under the given conditions. Tlie mark at the lowest point of 


Lamps $1.00 oach-Lifo 300 hrs. at 3 Watts per Candle. 
Current costs 2.5 cts. per HP. por hour. 



IVtinimum at 4.32 Watts per Candle, 

4 ,% IVIaxim.um Efficiency 4.32 Watts per Candle. 

FJg. 6. 

the curve kIiowb this miniiniitn cost to Ite $783, and a vertical line 
through this point to the scale at bottom of the diagrinn showB 
that this total cost is a ininiinurn when lamps having an efficiency 
of 3.1 watts ])(U’ candle are XTsed. 

Thus tlui maximum efficiency of these lamj.H under the condi¬ 
tions assumed is 3.1 watts per candle. 
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The lamps eoiisiderod in tlm shi.wii in iMtr. l o,). 

all other conditions an* the saino as in tlm ca,,- ..imu ,i i„ pj,’, 
This increases tlu? total cusf I'rtan to sisuo, aiid not‘c>.sit.j|,.. 

using lain])s of this wafts per candlo instond of ;:.l, n, niako th,' 
cost of operat-ing a, ininininni. 

In tlio case shown in the diagram. Fig. .a. ... 

5 cents per h. p. per hoar; the other condition, .are the ,s,me hi 

Lamps 50 cts. each-lift 1200 hnait 3 Wm$ imr Crnum 
Cunmt casta 10- t;ti, ptr mr hmtr, 
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2.88 watts i,er <.andhi In ”> <1"'* 

I vanoHi. in iMg. ft thc5 cnmmi costs twice as 
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iniicli as in the previous case and tlie lamps are only half as good. 
The ininiinuin total cost is doubled, hut the maximum efficiency is 
the same as in tlie previous case. 

In this case, Fig. 10, the current costs one-half of that assumed 
in tlie previous case, other conditions being the same. The min¬ 
imum total cost is $400, and tlie maximum efficiency 3.175 watts 
per candle. 

Tlie curve, Fig. 11, illustrates the case of very cheap and very 
good lamps, witli moderate cost of current. Tlie minimum total 
cost is low, $294, while the lamps are run at tlie liigli efficiency of 
2.38 watts per candle. 

In the case shown in Fig. 12, the cost and quality of the lamps 
are tlie same as in tlie previous case, luit tlie current costs twice 
as niucli. This increases tlie minimum total cost from $294 to 
$535, and raises the maximum efficiency to 2.14 watts per candle. 

In the case, Fig. 13, tlie cost of lamiis and the cost of current 
are the same as in tlie case sliown in Fig. 11, hut the lamps are 
only half as good. The minimum total cost is increased from 
$294 to $327, and tlie maximum efficiency is reduced from 2.38 
to 2.f)2 watts ])er candle. 


Lamps 50 cts. each-Lifo 1200 hrs. at 3 Watts per Candlei 
Current costs 5 ctst per HP. per hour. 



S 3 3.5 WattS) per Can.cireii 

Minimum at 2.875 Watts ponCandlei 
•••.M'axiraum Efficiency 2.88 Watts per Oandlo. 

Fig. 8. 

The iirHt and plainest inference drawn from these curves is that 
till' maximum elficdcucy of any given lamp is not a fixed one, but 
varies with conditions outside the lamp itself. Identical lamps 
o])erated under different conditions of cost of curi-ent must he 
hurnod at different efficiencies to malce the cost of operation a 
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miimuum for the production of a i-’i\'(‘n uinuunt of ],j 

order to deter) I line t!ie t)iaxinunii olHcioncv of iaiiijo. therefore 
we must know the (inalitv of tii(-laiops rehoTo)! to >onie .sfaiid’ 
ard, the cost of the lamps to tin* consnnier. ami the cost eniaent 
nnder the actual conditions exist in-.'at tin- pla<-e where the Iannis 
are to l)e used. ' ^ * 


lamps 50 cts, each-life 600 hrs.at 3 \N.hx, pt r CantPe. 
Current costs 10 cts, per fx r hw'Uf, 


u 
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^ ^ Cafulle, 

^ Minimum at 2.80 Watts per Canilte, 

• • Maximum Efficiency 2.88 Watts per CaneJio. 

Fig. 9. 

l’“t-'’'***«‘!'‘>"pof luVIn.st 

cicncy th obtained m the ease shown in ImI.. -ppj^ 
where the lamps^ are very eheap an,l v.-ry ^00.!, and enrr.mt'in 
veiy expensive. The lamp havin^r the iow.-st oflieieney in oh- 
tamed in the case sliown in Fi- (i, in which the lamp, arc poor 
and lnf,dt-pnced and the current is wn-y .-heap. ^ 

There rs a marked (lifferenee in the shui-pm-ss of ih.-so ,-nrves 

mas O the hend m these cnrv<.s .h.p,.,His npo„ tho.-o.M of tlm 

tk, ,u,rv„ i„ ... ' I," 

pa- l™n- ,l,„ si,.,,,,,,. T,i„ .. „ 

5 cents, are next, and the .me, F.V t; i,, whirl, il 

_y J cuitb pci h. p. per hour, is very flat jit the hoiloin „r 
mimmtnu point. In this comparison Fi.: 7 i, „ot ron i I 
it IS drawn on a different scale from the .diiers a ,, i, , ’ 

as it should he. ' ■‘’•'■'“’P 
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Tins indicates that tlie more expensive tlie power is, tlie more 
carefully must the lamp efficiencies be cliosen. In Fig. 12, which 
shows the sharpest curve, a very sliglit variation in tlie efficiencies 
of tlie lamps makes a very great change in tlie total cost of 
operation. 

In tlie case sliown in Fig. 6, in wliicli tlie current is very cheapo 
we find that a very considerable change in the efficiency of the 
lamps used makes very little ditference in tlie total cost of 


operation. 

On each of tlie eleven diagrams two curves are drawn, one 
showing the total cost of operation, and the otlier showing the 
cost of lamps. On eacli of tlie curves sliowing the cost of lamps, 
a point is marked wliich indicates the cost of tlie lamps wlien the 
total cost is a minimum. The letter T marked on eacli of the 
figures denotes the minimum total cost of operating tlie lamps 
under the given conditions. The letter L denotes the cost of the 


L 

lamps when the total cost is a minimum; and the expression ^ 


denotes the ratio of tlie cost of lamps when tlie total cost is a 


La'mps 50 ctb. each—Life 600 nrs. at 3 Watts por Candlei 
Current costs 5 cts* per l-P, per hour. 



nuTuimmi, to tluj ininiiimm total eowt. An cxainination of all 
thcKo curves shows that while the minimum total cost varies with 
ca(!h of the three quaiitities—price of lamps, quality of lamps, 
and cost of current—nevertheless, the total eont in always a. m/ini- 
m/tm 'when the cost of lamps is about 14.5 or 15 per cent, of the 
total cost of operatam. 
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This figure varies somewhat in the (IitlV*rt*nt «-\ainj»h‘> run- 
sidered, but the variation seems to follow ih> lawn in r» nui} 
12, which show the highest and lowest efheieni'V laiupN Ihr liiruris 
are 15.1 per cent, and 15.4 per cent. res|>e(di\ o! \. 

The steepness of the curve showing tin* <a>>f nf larnjj-s aial the* 
difficulty of determining the exact mininiuin pnifi! of n rurve 
which has been drawn by inaccurate mefluMi-. makr- if dillirtili 
to get the cost of lamps accurately when t<>(al «*osf i*. a tuiuinnnu. 
These curves and values are given just as tlu‘\ wrre dctrrMiiurd, 
and no effort has been made to bring the rc*suNs info aaror- 

ment, as could readily have l)eeM done. I <*<uf>idt‘r fhr variation 
shown by these curves to indicate closely (unnigh Uiaf this ratio 


Lamps 25 cts. cach-Llfc 2400 hrs«nt 3 W.itts prr 
Current costs 5 cts. por HP* per Ivour* 



of cosf of lamps to total eowt at tlic iiuniiinmi in tH-iuiv, if 

not (piite, constant and that its valms m li(‘(vv»M-n .1 }f> luid .1,'..’ ' 
This establishes a very simple law for d.-toni.iiiiii.r whHh.'r or 
not lamps are being operated at tlieir luiiximutu ; for 

if they are, tbe lamp bills will be ahold; If> per ocid. of fho tniid 

operating expenses of tlie plant. If tlm lamp bilk luv moiv than 
15 per cent, of the total operating expenses the lamp^ h,v heiuL' 
burned above their ma.ximnm elliciem-v, and lower e(lieiene\ 
lamp should be obtained. If, „„ tlm other hand, the lamp bill', 
are less than .6 per cent, of the total e.xpm.s..s. (f.e hm, .. are 
being burned below their maximum efludenev, and luLriier elltei 
ency lamps would reduce the cost of operating the plant! Where 
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fuel is liigli priced, or where other causes o]3erate to make the 
cost of generating current high, it is specially important to use 
lamps of the maximuin efficiency, for we have seen from the 


Lamps.25 cts. each“Life 2400 hrstat 3 Watts per*Can'dM« 
Current costs 10 ctsi per 1-P; peri hour; 



Minimum at 2il4 Watts per* Candloi 
*%;M,ax.i.m;u;rn Efficiency 2..14 Watts p.or C.andXoi 

Fig.,12. 

al)ove curves tluit wlicre th,c cost of current is liigh, tlie use of 
lamps whose etliciency is a little <il>ovc or l)elow the maximum 
efficieiu*,y attainable under the conditions of operation, makes a 
very marked increase in the operating expenses of the plant. 


Lamps 25 cts. each-Life 1200 hrs.at 3 Watts per Candle. 
Current costs 5 cts. per W, per hour. 



If ill any plant the lamp liillB arc only 10 ])cr cent, of the 
total c.'cpmiKc.s, then ■kwTMdtig the elfidemy of the lam.]:>s hj 
hnetradiKj their eandtr power doen not d/iminitth the total coni of 
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ojperatmg the plant In order to reduce tlie total cost, th, hunj-x 
must le replaced hy lamps of the'same candle pmoer !>»l nj' ,• 

efficiency. If the efficiency of the lamps is iticreascd lo nii-do:'- 
their candle power, the cost of operating the plant />• e "nit ,-t’ 
light produced is reduced, but the total cost is in<Tca.-i'<l. A 
plant which is paying less than 15 per cent, of its t< >fal cxpon c 
for lamps, and which brings the lamp bills up to lb per coin, io 
increasing the candle power of the lamps, does not (iccrt-a-r ih'.- 
cost per lamp of operating the plant, but does deci-o.as,- fi,,. ....a 
per candle of light furnished. If they arc paid for t ho ima-oa od 
light given by the lamps, the efficiency of the plant h n.ado a 
maximum for the existing conditions ; but if they nro not paid 
for the additional light furnished, the efficiuncv of tiu‘ plant is 
reduced. 


This law enables any one operating an inca-ndescent lainji jdatif 
to determine whether or not he is using the nmst suitable lamps 
for his plant. If the conditions of operation of a. now plant ajv 
all known, and the quality of the lamps made hv nn^ l.uop 
maker IS known, we can determine before sttirting' wind is the 
most economical lamp to use. 




_Me. S. S. Wheeler:—I am very glad thtit Mr. Ifuwell ha, 

given us the results of these e.xperimm.tswitho..t any ult.anpt to 

alter them, because I think that when slight variations an-.••■een 
s^ of two oV”’''' “i”™ "''‘""••natieul 

z:::zTs;z::: rr: 

the chart, and I would like very much to see the cuilm' of Ih.'sI ’. 'f 
plot it from these values ^ 

Me. Howell :—Ho. 

hehw. »%’>“ to I.,. i„.| 

Me. Howell :_Tes, it oEgi, to be. But to do tbet ,vo w„„W 
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have t.) hriiig the paper away down l)elo\v, lieeause tliat eowt of 

Ianii>s ('oiues very nearly <l(>wn to zero. 

M r. W n rki.kh I think it would be an inter(38tin^ thing to 
have one of your (diarts-—-(eiui of the characteristic- ones, with the 
curve (d cost oi eliadricaty on it—so as to complete tlie analysis 
of th(‘ (*ost. It ought to h(» a straight line. 

Mr. Howrll: That could be very easily made. (The 
Bpeak(*r plotttMl the curve of electricity on tlie cliart.) Ita 
straight line. 

Mr, dusnmi \V icry.ninm —I woidd like to ask Mr. Howell if he 
could laise (*alculations of both central stations and |>rivate plants 
on tliese diagnuns and rt‘sii!ts, a,nd if so, wliat the nulhod of 
dillaaaaitiaf ion would la* for si‘parating tlu‘ ituaune or expiUiscNs of 
a station whicdi at t he sana^ tina* su|>plied both power and liglit— 
it there l)e any intdhod of detiuanining that. 

Mia : Matliematics does not know the? diHerenee 

lH*tW(*(*n a= (‘(‘Utral station and an isolahai ]>lant. Of course, there, 
is no diireremaa In regiird to ditTeiHaitiation, that is a matter of 
book kcs'ping iurtiiady. A lUJin has got to kutnv the* conditions of 
his jdaiii in order to tell Iuhv niudi of his power la* has got to 
charge against his itiotor ruiining and liow jnueh against liis 
light. Of course thaf- (a>st «if current includes every expemse 
iiienm‘d in op<‘rnting plant, i‘xeept the price of lamps. 1 liave 
g(d to tnad tin* nudter in tluit Wiiy, iNaaiusi* wliiit I iiin after is to 
got tin* rati<) of <‘ost of lamps to total cost; so 1 take the* eost of 
lamps by itself, and Itaive. t*verytbing else* with the <*ost of eur- 
tent. In an ineitridr‘s(‘ent hnnp all yon want is a lamp and, 
eurr<*nt iind y<m have got your light. If yon know how nmdi 
your kimp.*^ eo.Nf iiiid how mmdi your mrreni ecKsts, you have got 
yoiir total <*\peus(n I have ehargtal eviuwtldng aguiiist {*ost of 
curreiit, beeiitise eve.ry isxpetisi* is imuirrisi iii eitlier furnishing 
lainps or furnislung eiirrenl to run tlnam A lamp is a kjnnvu 
and dojitiife thing, aird everytldng elst* I have oliurged against 
(‘urront. In o|Nmifiiiga iimtor, if yon get flu* eost <»f cuirrent pt*i 
horse power per Inair, al! you liuvi* got te do is to Muirgt* ugainsi 
the h.unps tln^ iiorso power consumed tiy them, and against the 
nioicM's the horse* power eamsuiued by them, and if you know 
the amount of eT^etrieity ustal in yotir motors and in your lamps, 
the prop<«r proportion of that will be the cost of eurnmt in taudi 
ease. 

Mr. ChtARRKH Wiirrn—It happens soinetinies that power costsso 
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mucli you can increase it very cheaply, but it you iin'ure nitu 
it gives you a larger cost. You are using one lunulnsi amjx'-res, 
and to get the cost of an ampere you divide tin- tutaJ cost liy 
one hundred; that gives you ton cents an Iionr. ihit yen can 
furnish a few additional amperes at very slight (-(ist. 

Me. Howell: —Of course in any ease like tliat, your figuring 
would not amount to much. I do not suppose any calculations 
of that kind are of much use unless you ap])ly them on a very 
large scale. Suppose I know from my records of a station fta- a 
whole year my total expenses for that year, the difference's 
between that and my lamjj bills will show me the total cost of 
current. I have also got to know, besides the t(ttal expenses, the 
current produced, the average per month, or the a\’erage per 
year—or differentiate it as much as you like. Of course if von 
applied that to any given time or any short time, you would iiud 
one day very different from another, and you would havi; to 
change your lamps every day. 

Me. F. B. Ceockee: —I would like to ask Mr. Howell if he 
thinks those maxima points on the chart should be \'aried slightly 
in order to have the lamps break less freijueidly in defen‘nc(! to 
the question of human nature. Any one would be willim-- 1 
think, to pay a little more for his (Uirrent ratlu'r than ba.vo*to 
replace his lamps more frequently, oi- rather than have oiu' break- 
just as he is reading. It is very annoying. I think alnmst evt'ry 
customer would like toinerea.se the life (ff his lamps ('ven ihom-'h 
he had to pay more for his current. Do you in pra<'( ice c<msi<ier 
such points as these ? 

Me. Howei,l: In any such case tiie oidy way you can allow 
for that on a curve, is to get a money value for 'that man’s in¬ 
convenience. 


Me. Ceockee:~I do not mean that such a ipiesfion can be re¬ 
duced to mathematics; I mean, as a mutter <d' fact, <lo you 
modify those results ? 


Me. Howell :~As I say you can make an arbilrary <.urve or 
get a money value for the man’s inconveni(tnc<> and <’h!ir.re thaf 
against the cost of tlie lamp. Of course (hut would imrke the 
lamp cost more. The lamp costs not only what you pnv for i( 
but what you have got to pay that man ti> keep him froni growl’ 
mg, and of course that would make tlio hunp cnst more Or 

you can guess at it, if you like. * ' 

Me. E. T. Bied.sall:—I think after the lamp had burned the 
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maximum immber of lioxirs, tlie euBtorner would rejoice at tlic? 
brealviug of it. 

Me. C. O. MAiLiA)irx Tluit BTigge^^^ another i>oiih‘,, wliic’h Is 
the fact that the lam])B will not remain of normal ca,ndh‘ power, 
but that like all other things in nafnre tluw grow t>l(l and wearv, 
and tliey soon reacli a point where it is a (pH*stion wh<‘ther or 
not they are darker than thc^ surrounding <la,rknt‘ss. I would liki* 
to ask Mr. Howell whether the life of tlu‘ lamp, a,s it is taken 
here in these curves, means the time at whi(di tii(‘y break, or the 
time at wliieh they become so dark that tlu‘y no longm* give tin* 
same candle power, or at least if they are giwing tln^ some (anidle 
power, it is well known that the watts |)ei* ean<ll<v|H)\\'er must 
have increased. 

Me. 11()WimLThe lifci in aJl lamps is, 1 think, taken on a 
new lamp. When any man in tin* business s]H‘aks of an tmniii- 
descent lamp he mea.ns a, new oin*. 

Me. Maili.oux:: .— It is mat mnv aftt*r it has burne«l 

hours. 

Me. Ib>wioa. :~N you an* <|uit<‘ right. lUit still if you 
take lamps and consid(*r them wh(*n they have* burned half tlx’ir 
lives, or consider a mev om*, or <*onsid(‘r om* two-t lords gone if 
you consider them all at tlu^ sann* point yon can gi't a law. You 
cannot get a law if you eonsid(*r soim* new, sfum* old, and some 
three-<piarters ()1(1. ()r e.onrsi* tlie (‘asiest point to take, Ihe rme 

of least troid)le, is the new lamp. 

Me MAi{aA)Ux m-d you take the point whtm tlie lami> is 
now. 

'M'ic 11<) w m.Lku’t'ai n ly. 

Me. M Arra.<)ux a let it burn until it Imnis out "i 

Mac lloWKij.:~V(Ks, sir. 

AIe. MAn.L()irx |}y the tiim* it g(d.s old, it is Tiot giving tlie 
same (amdle-powaux 

Me. IIowKnn: It luaktss no ditTerencH*; the law applies ju>t 
as well. You use tlu*. same data mi your lamps as you do in rh* 
tcrminirig your biw. If yon find ymi want lamps ;kl «* p. to 
giv<‘. imixiimim etrHd(m<*y, you take tliem wlani mnv. If you made 
your (*nrv(‘. Iiy taking data, of the lamps half obi, you Wituhl have 
to do the same tiling here. I f you start with <me |mint of reekoio 
ing, you liave to ki^ep it up in all your cal<udnlimis ami t'xpmd^ 
uumts. 

,M,e. R R. IIfton ;™A It; c/p. lamp in pnudka* commereiHlly 
fills a m‘taii.:i, ’pbua^ a.nd as measuretl l>y the inake.rs it run he taken 
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as a commercial unit, and it is to tin’s that thci <air\’(‘s are a]rpli(»(h 
In tliis curve (Fig. 2), for exani[>I(a ‘hi watts jM*r (aiiidh* is the 
best efficiency for the eonnriereial niaii. T!h^ current iaists 
cents; the lamp, eighty-five cents. 

Me. Mailloux:—I <lo not think tins .significanre uf what I said 
is fully understood. It oeeurtal U> me on lookiitg at t ho lainp as <me 
of those things which is eonsfaritly varviiig in its Hght-^giviiar 
power, that it would reac't sonnovliat on that part <>t tla^ (airvc 
which refers to the cost of lamps, iH/eanso, r‘oriainly a lamp of 
low efficiency would, other things htang ot|ual, he [»roh*ra[>le, 
from the fact that it would have a nion* uniform eamlh* powia* 
and would last longer, pn)I)al)Iy, Ind'ori* if he<Miiu* dim, ami on 
the other hand a lain,j) (>f very higli trflieieney would soon he<*(mH* 
dark and would have to 1 k^ cliangCHh N<sw it is pnito likidv that 
a lamp of high etliciem^y would havt* to he tdtanm-d long hof^na* 
it liad broken, and wliat I meant was wlarthm* tin* eost was to la* 
taken at the tinie when the custonier !ia(i gtif lireil of if and Imd 


called for a new lanvp or vvhethta* it ineluded fin* growling vou 
would allow him to do liefore iHang indue«ai to <’hatige the lamp, 

Mr. Ilownrm^^^ practi<u‘ yon find it mdw-r. al ahmr4 that 
lamps are taken down hcfore tlnw break. Of <'oufVf% that alhads 
directly the cost of the lam])s, lN‘<‘a,us{‘ a t*entra! raafion, furnishim>* 
lamps for nothing, gives a inun a iatnp wln*n it fuvidis and alsi> 
when a lamp heeomes so hla<tk that you have t(» |Md a mwv om* in. 
Of course, a lamp handed to you as htatig um-1o.., i thrown into 
the leceptaclo lor broken lamps and is a ^loat} lainp, . o ji inehnies 
lamps only to the point at whicli tla-y heeonio ivolo . 

Mr. IIpton: —The assumption an iIsko tahlo i . ,.i\ hundred 
hours. That means, if ymi g(h tliat averagt* light (Uit of fho lamp 
tliat tlie cmvc will hohi true. Now tfm intention ef makers of 
incandescent know it is wifit the h;di->n Lam|0'oim 

pany—is to niaktUain|)s whic^ for si\ hundred hours will give, 
theii full efhcieney in candlti power. Alter that there is no 


guarantee and nothing sanl alHMit it. We have now a >,et of mnv 
lamps—aJuindredf^ havi» run four liimdred hours, 

and only four of the lot have lirokmn It has nluavs been the in' 
tention and Ihaekmed that 

it Bhonld be destroyed. You will notiee that the h,diM>n (daim 
has been for a low guarantee, and niH\ naison for that lou guaram 
tee is, that the average life of the lamp is imf, how lon-''^it will 
stand, but how long it will kc^ep up good <mmmereial efticaVney, 
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and, wliat liappens to tlie lain]^ after six Inindred lionrs is of no 
consequence to tliis. The assninption is six Inindred hours at 3.1 
watts per candle-power. 

I tliinlv Mr, Howell did not call attention to Fi^. 2. I think 
great consideration slioidd l)e given to it. It rejiresents, as he 
says, five years experience on the part of the* Edison lanij) |)eopie, 
and I renieinl)er very well tliat in isTih at l\Ii*nlo Park, Mr. Edi¬ 
son spoke a great many times of the great value siuli a, cairve 
would liave, and also of tlio excee<]iiig ditlk'ult}' of getting such a 
curve; because 3’ou lia,ve not only to ]>ick out a large? nund)(‘r of 
lamps froni the same lot and test them under noimtaJ (‘onditions, 
watcluiig them dosely all the time; hut to get a good (nirve, it 
requires many months a.nd even yc^a^rs of {*onstaaitly keeping lamps 
Inirning, and this re|)i*(‘S(‘nts the full expori(*ne(‘ of th(‘ ImIIsom 
Lani]) (Join|)any, whi(*h just befon? Mr. Howell pn*pared Ibis 
paper svas carefully gone? ov(*r, taJ<ing in all llu* lamps which, had 
ever been Ijurmsd, and 1 think it is really stati*d saft‘!y, to be 
witliin a two pea* (a;nt. error. Khouldnh you say it was within 
two per cent '^ 

Mu. Hownun: —I have not giv(?n tliat point anv thought. It 
is practi(‘.ally aeeurafe. That curva*, Mg. 2. I do not think eould 
be reprodu('(?d on any Iam|) for ten thousand dollars. What do 
you tliiuk, Mr. lJ|)ton 'i 

Mr. IJp'roN :—It has cost more tlum that get it. 

M.r. IIowrli.:” -I <lonh; think it eoid<l lx* <ione over again for 
ten tliousaml dolhirs. 

M.r. Urton It is tin? most (,?xpensiv(? <*urve. in flu* Inisirii’ss. 
It is a great deal !uir<ler to obtain than most peojih* give* (*n*<iif 
for. It runs into a very ditlicult (‘Xpt‘riment. First \ou hav** ti» 
get your luglu*!* values. You (aumot luive them eontt*mporamMms 
witli tlie others, hecanst? tin? higher values of laiiqo will hroak otT 
quickly; tlic others will hang on for many W(*eks and months; 
and to get your pr(>j>er values thr(>ugh«>ut that curve, you mmsi 
know tliat your n^gulations and all y<>nr comlitions are correct 
We coinnien,c(?(l that n*hitive value (mrve at Mt*nlo Park, and if- is 
only reeeititlj that felt certain tluit tliat, as slarwn fhiuat, iox- 
presses the Edison liamhoo untia‘ate<l tilnnumt. 

Mr. WmyjaeR;—like to ask the? si>eaker, if he Ims 
evolved tin* niatlieniatieul exjuassHion for that law. What formula 
corresponds to tliat 

Mr. H<iwKLn:“The law of that curve is a vet*y complex oiict 









254 


MAXIMUM EFFIGIENOY OF IXOA KFFSPKXT 


I A. MPs^ 


as a commercial unit, and it is to tliis that tlit‘ curves 
In this curve (Fig. 3 ), for exanii>k\ AA watt, [mt is t!u* 

best efficiency for the cominercial man. ^-urivni ro.ts leu 

cents; the lamp, eighty-tive cents. 

Me. Mailloux:—I do not think ihv of wh,at 1 said 

is fully understood. It occarcd U> me nii kM^king at thi* lamp as uni\ 
of those things which is constantly \ar\ifig in it-, light giviiiu; 
power, that it would reatrt somewhat on that part <0 tho (*urv{‘ 
which refers to the cost of lamiJs, laeemiMa taaaainly a lamp of 
low efficiency would, other things inviug o<|na!, bo proforahk*, 
from the fact that it would huvaui more imitnrm oantih* pnwrr 
and would last longer, pr<)bal)ly, Indbro it hof-amo diua ami on 
the other hand a lamp of very high ihlieionoy uouhi otioi hoonim* 
dark and would have to be changanl. Now if <|tafo likthy that 
a lamp of high efficiency would luivt* to be (‘hangod long bof;»rt' 
it had broken, and what I meant was wltetlua* t ho ciot to he 
taken at the time when the customi^r had gi>f firi^l ?»f if aral had 
called for a new lamp or whetlua' it ineliiilod tho gmu ling voti 
would allow him to do before being imlueed to eliange ibo Iam|a 
Me. Howell:—I n practice \am lind it aniverr-at almost that 
lamps are taken down l)efore they break. (If o»iur o, tbat ailVotH 
directly the cost of the lamps, b(‘ca.iis(» a eenfral tafioia furnisliim** 
lamps for nothing, gives a man a lamp wtmn it broakN atid also 
when a lamp becomes so black that y<ai hava* to pm a otit* in. 
Of course, a lamp handed to you as being uhoIo.^, i. throu n into 
the receptacle for broken lam|)s and is a <h%aii knup, <-0 it inolitdcs 
lamps only to the point at whi<di they bmanne 
Me. TJptox:—T he assumption on thivso tables i A\ !iumir«M| 
hours. That means,it yon get that average light »»m tin- lamp 
that the curve will hohl true. Now tho im<mtiMn id* makers of 
incandescent 


4 know it Is with tin* Kdi mt t.ampt’iHu 
pany is to make lamps which tor hI% bimdrod botjr,. will triv(‘ 
their full efficiency in canilh! power. ACi.t f|,af iIi.t.* i.-T 
guarantee and nothing said abuiit it. W.- linvr i.i.u a h,.( nf tuov 
lainps—a hundred of them—wlucl. Iia.r run Innr inn..i.v,l hours, 
and only four of the lot have broken. It biis alHavs beoti ib,. in’ 

tention and always the claim that wln-n a lamp in i.Ia.dome.i that 

It should be destroyed. You will uoti.-e that t!,.. Kdi>on riaim 

has been for a low guarantee, and on.* r..a.on fur (hat l..u .manm 

tee IS that the average life of tl.o lamp is not, h.ov lou.Vit will 
stand, hnt how long it will ke.*p up goo.l eo,nu„.,vial ..tli..ieu,.v. 




DISCmSIOK 
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and, wliat liappeiis to tlie lainp after six luindred lioiirs is of no 
consequence to this. Tlie assnniption is six hundred hours at 3.1 
watts per candle-power. 

I think Mr. llowell did not call attention to Fig. 2. I tlunk 
great consideration shoidd he given to it. It represents, as he 
says, five years experience on tlie part of the F<lisou lanij) people, 
and I remeinher very well that in iSTh, at Menlo l^ark, Mr. Kdi- 
son spoke a great many til lies of the great value Kueh a (uirve 
would have, and also of the exceeding ditHcnilty of getting such a 
curve; because you have not only to |)ick out a la,rgi^ nuinlier of 
lamps from the same lot and test them umhu* normaJ (conditions, 
watcliing them ('losely all tlie time; hut to gnt a good curve*, it 
recpiires inaiiy months and even years of <*onstajitly k(*i‘i)iiig lamps 
burning, and this re|)rt‘S(‘nts tlui full exp<‘rimi(H‘ of tlu* Kdison 
Lamp Coiiipari^^^^ wlii('li just heforo Mr. IIowi*!! pri*part*d this 
paper was carefully gone oven*, talking in all tlu^ iam|>s whi(*h hud 
ever been luinied, and 1 think it is ri^ally stati‘d safidy. to la* 
within a two jier (amt. errm*. Hhouldidt you say it wais within 
two per c(:jnt ^ 

M!h. have not giv(*n thul point any thought. It 

is practically accurate. That (mrvi*. Fig. 2, I do not flunk (*onld 
be repro(luce(l on any lamp for tim thousand d<dlurs. What d<» 
you tliink, Mr. lI|)tond(! 

Mr. irFroN:“It lias cost mon^ tlum that to get it. 

Mr, ILvwkll:—1 doidt think it could he dime over again fiir 
ten thousand dolhirs. 

.Mr, IJwroN Ik tlui iiioKt (.;x|H‘nKivt! tnirvt* in flu* 

It, is a gi'oat deal harder to obtain than iiioHt ptaiple jrive eredif 
for. It nniK into a very didieull experinient. Kiivt yon havi' (o 
get your higher vahuw. Von caumot have thciii {■(ni(<nnponuii'onH 
with tins otliern, laaauise tiu! iiiglnsr vahnw of lamps will hrealv nlT 
quickly; the otliers will hang ou for iruiny wetdes and iiumths; 
and to get yonr proper values throughout (hat curve, you must 
know that your regulalioiis mul all your emidhions are eurna’t. 
Wo cormnence.d that ndative valiu! mirvi^ at Meulo Park, ami it is 
only rc(‘,ently that we felt (‘.(udain that that, as shown then;, e.x.- 
presses tlm Kdison ha,ml)oo untreated tilaimmt. 

Mr. Wutzuck:—I w'ould lik(( to ask the speaker, if he Ims 
evolved the, mathematical expression for that law. What formula 
corresponds to that'^ 

Mk. IIowkli,:—T he law of that curve is a very complex one. 
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It ib not Qi simplo IbiW at all. "W^g liavo ^ot an cxprt^ssiou fov it 
but it is nothing that jou can bandio mathematical I v. I have 
bad a matbematician at work on tliat for ahont a wca'Ic lately to 
see if be could baudle it. I bave tried it befoi-e and cnnld'not 
handle it mathematicallj. 

Me. WisTZLEBIt looks like a hy])eii>ola. 

Me. Howell :—It is not a liy])eri)ola, or any other em-ve that 
has a name. We bave got an e.vpi-ossion for it that goes all the 
way across a sheet of paper. It is an c.vpoiuiiitial law' with a 
constant increment, and the formula is very ditH<‘nlt to gc‘t. d'he 
grajohical solution is very much the easiest. 

Me. Wetzler : Asa little digression, I wanild like to ask if 
the speaker has ever verified the law for the candle power of the 
■ lamp with referejico to tl»e current passing through it 

Me. Howell :-No, Mr. President, 1 Imve nod for’ the simple 
reason that current passing through a lamp in incandescent work 
IS soinetliiug that we do not talk alxnit. We talk a,bout tlu‘ pius- 
sure on the lamp always. I bave ncvan- vei-ilied that with refer¬ 
ence to currents, although it is a very simple thing to do. ] 
have all tlie laws of the lamprefewing to candle power, (*iliciency 
and all that, but I have never touched tJm current. We hav 
got all tlie data hut have not w'oj'ketl it out. 

Me. Wetzlee:— If we assume the resist,anw; of tin; lamp to 
remain constant, it evidently is tlie same function w'hether we 
use current or potential. 

Me. Howelio— We must not assume something that is not so, 
because the resistance does uoj; remain constant. If you wen* 
to say that the light of the lamp varieil as the si.vth power of the* 
current that would not mean anything to an, average user of 
amps, because all we know aliout in iiraetice is pre-ssure, and 
when you tell a man that the light given by a lami) is the sixth 
power ot the current, it really does not mean anything to him at 
all, because he does not know how tlie current i-aries with pres- 
sure. It you tell him the variance between light gi ving power 
and pressure, lie understands that. 

Me. Wetziuir 1 merely put it that way because. 1 believi* the 
one time in currents, not in pote.ntials. 

Me. Mailloux :—l would like to ask Mr. Howell if hi* has 
any data, or if he knows of observations which have been made 
tending to show clearly the difference in life of lamps run at the 
same watts per candle power, using different currents. I sup- 
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pose that we are all familiar with the statenicnt whic^h wtart the* 
rounds of tlie ])ress a year oi- two a,!>;(), to the eifeet that an alfta'' 
nating eiirrent a(l<led life to the tilanient of the lamp; tliat a lamj) 
run af the same watts ])er eand!e-])ower, at tln^ same ellhdeiioy, as 
Mr. 11 owe! 1 has eaJled it, with a-u alternating eiirrcmt, woulrl last 
longer tlian a lam]) run at the sajiu? ellicieney with a c*ontimn»us 
current. If that is true it would certainly he venw interesting fe 
have some data l)y which we could see how grejit the tlifIVreitce 
is, because we would natmailly (‘xp(*(*t that thv* diiTenmce must he 
capable of l)eing (litrereaitial(‘<l fiirthm-, and that we would find 
even diirercuit ma(*hines capahle of showing tlu' diflVrtuH'e in tin* 
liglit. Now I may add that my exp(‘rience with storage hatteri**- 
has shown that the life of a lainp is undotd)t<‘dly iiH‘rea>ed at the 
saine etiicieiH'y that: a la,nip running at Ihrtu* waits per candli* 
power, for instanc(g whh sloraga/ hatt(‘ri(*s, will last much liuigrr 
than a lamj) rimning at tlu‘> sann^ el}icit‘n<*y from an ordinary 
ciirrent as furnislnal hy a, <lyiuiino. How nmeh the dillVrenei* ly 
1 really ca,miot, say ; though, as I luive said, thma* seems It* he 
nndoidikMlIy^^ Now, pt‘rhai>s Mr, Howell ean giu* 

us information on that: suhjiaM. whieh would he very Widcome and 
useifiL 

Mu. IlowKia.:.di‘t(U*miin‘ tin* life of any lamp there is one 

absolute necessity, aiul that is a (amstant pressun*. i funiig tia* 
live years in which that (uirve wa,s d(»terinin(‘d, llnTe wa.-^ atwav.^ 
one man who di<l nothing tdst^ hut ket‘p the eurreni eou-ton 
You can do that: with a, dyiunno, l)ut yon (arnm*! do if with sOu’ 
age batteries. I say you (amimt yon cannot in j»ra«aiiM': atid 
any man who draws infennates as to the lib* id* lanip^t from a 
dynamo a,nd from a, storage battery, without having tloue that 
well, I do not take nundi stock in Ids inb‘rt‘Mc*‘s. I iiave had a 
good deal of (vxperitmet* with lamps on storage Imtlerie^, ami I 
am perfectly willing to he critiidstMl wlam I midii* ihe stiilemeiii 
that tlu^ |)r(sssnre on tlie storage laittmw, as rmlinarily in-tallrd, 
vari(‘s, J thiidv, Hvt* times as much as it doi‘s on the a^e^Ui^o 
dynamo plaait, a.nd tlmt tln‘ lih‘ of lamps on a storage hattmy 
plant, as ordimirily installed am! handled, is very mueh lowrr 
than it is on the a.veragi‘ dynamo plant, due to nothing idse than 
the simple impossibility of k(a*ping thidr irresHiire aun where. I 
mca,n that, tha,t is a det<a*( in their imdlioils more than nnUhiuLf 
else. Tlaw us(‘ tluur lamps and cfuirge the battery nf the ^alm‘ 
time, and wldki tla^y have means of kyi*ping their pnwure vini 
Btant, tliey do not <lo it. 
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Me. Mailloux;—I wish to oksem* thal { ■im ,, 

Howell did 04 1 „,Id rf 4i,„ 

the KMoii wlij, Kr. I-WU l„.e '» 

It was not tlie same Ijattcry, and it was n„i 

way. We W found that l,y „si„s i.nvan,;,,!,' ,' ,T 

viecfa, It IS possible to secure as (Hinstnut, if (i,,f i,,,,,... 

electromotive force wi.l, a ston,,,. l,.,,..,-, t | 

vice for producing electricity, .so II,a, .f.a-o sla,„M 1 .' 

gieat ditfereiice (hie to tliat cau.se I freelv . , c *• * ”•' 

W no facilities tor „.ati.,g , nani,IV ™ -™ 

....... 

a difference thcro soraowl.'ere, alid'^umd’l'l!,’'a!', 

get at what it i,s. ji, 

'viib it 

sent to investigate the liLps in ,i sf. 

course I went into tJie place as a .strain-cr ..nil .'.'i' I’ 
questions. In this case tb'O- r •, i. r T * ‘ 

plant and went down a,nd t-dh d' will Vi'* **"' 

“Those lamps don’t looi; e li::* 
hght?” He says, “No - ti.at'No’i ’ iT 
here when the engine is’rnnninm” ' to he 

Me. Maiuloua'VVI ntii V(ur'iii|. . • i 
storage plant tliat gives iioniinalle'* I Uml a 

qnires from two p.u,.;., m' ' ''V 

claarging. .„g tl.„t i,, or;;. ”',... 

ceivewl.ytl.cligl.twasao , l,ri„|„ I'cr- 

1‘unmng. wlifii ilHMvngini* wim 

Mk. Howell :—TIHMVk l, 

the storage battery are very ff*' I''*'^'’‘'hih‘(ios nf 

we want a constant curront'^h,. ^ ^vorlc, whore 

short time, or prohahly for\uiy limo-’7 'f f’ “ 

storage batteries are installed7, , ’ ’I' ,,'"*’ l’'''^<‘lica| work, as 

I^-ng a constant proBsuiu » - ^0' far from 

Fjunjovie Jj Pope* S f 

nicnts Lave Leon mide to d*rl m’.'ri r,';'"'.. 

lamps r-uu at an equivalent eandio . " ' ' *^0 Lolwoen 

witi, a direct cnrmnt, but “ ^ «..d 

land about two years ago “V’'.bat wl„lo | was i„ K„g. 

■™mber of electrical „Se"r:r .. k" 

b ICUS one evening, ,,1 whid. that subjeef 
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was brouglit up, arid—speaking of a plant tliat lia.d l>et‘n in¬ 
stalled in Wliiteley’s large estaldishnient at tlie West bnid and 
worked directly by an alternating dynaiuo—i: tbiiik it was a 
ranti niachine—the assertion was very positively madia tliat tlu‘ 
lamps showed a longer lite with an alttnaniting <airrenl; than 
with a direct current, and the reason put for\va.r<l to ex|dain it 
was, tliat witJi a direct curreiit the hot carlion waa somewhat in 
tlie condition of an electrolyte and was more apt to thiow oH* a 
deposit and disintegrate tlian when the ('uri’ent was lamtinnallv 
reversed. Ihit I do not know whether theri^ is an\ihing in that 
or not. I simply give it as the convei‘sation 1 heard at that time. 

Mxi. IIowFa.L:—I think an argument dra-wn from one ease* or a 
few cases of tliat kinil is hardly to he di^piMidiMl oin hecause von 
take tlie identical lamps and jiut tlunn on dillerent jdants I’lrii 
from straight or alternat ing currents you givt ililTenmt n^sults (iu(‘ 
to dilierent handling. It is thi^ Inirdest thimi; that 1 ha\'e e\‘t*r 


mideitaken iiO ('ompare lives ot kimps. Now, as slHoving the 
dilhcxilty aiiid i.he misleading' (‘lleivt oi th(‘ (*ondifioiis in a 

})lant, when we first stmtial in th(‘ business, we made laiujis, of 
course from ninety to one hundri^d and ten volt>s and on onr iso» 
lated plants we raai lamps from nim-tydive to om^ hundred, most 
of them, and those himps were all made at on(*e. Now, Ihe man 
who put in oiir plants ami who is in <‘harg(» of tin* work, funml a 
good many plants giving good results a,nd using nim‘tv-se\'en volt 


lamps. Me foiiiid ninety-six, nimdyH‘ight ami ninofy nine weri‘ 
givingbad resnlts,a,ml bodrewtlie (amelusion fbat the nim-tv >oven 
volt laiuiis weax3 better than ninety-six and idnetyoight. lie divw 
that iirfereiico from faists didermineil from two or three plam.s at 
eacJi ^tinie. Now, the volts of the lain]) Innl nothing to do with 
it. The coiiditions of (Operating the plant atleeted tin* in the 


various cases. If the man who was getting: giiod from 

nmety-sevim and the nnm who was getting had results from 
nniety-six wen‘bmduuige their lamps, they wouhl get tho sune 
as they did hid'orix The lives <if lamps are aflVeteil hv everv 
condition of running. To draw (*onclnsions from a few lamp> is 
miHloadiri^. 


Mk. —We iiad atiutlier inKtaiu-e <>f (he fhidiii^r <d' ih.- 

relation ot liven <d lunips. This eaiue from Shiiniukiii, I’a. i!v 
breakinp^ otf the tip of a lamp iimler water, vt.u eiui till th<- lamp 
and yon will obtain a little bubble there. 'tIuh man bn.Iu- ihf 
tips of a Iarf!;c number of hmipn and eonclnded the lurj.;er (Ik^ 







360 MAXIMUM BFFIGIENOY OF IXGANDESCISNT LA JfPS. 


bubble the longer the life of tlie Ianip. This sati.sfiwi him mitil 
we showed him that on the size of the opening dependi-tl the size 
of the bubble, and when broken in morenrv von cannot si-e thi' 
bubble at all. I think tlie <|uestion of alternat''ng cuiTcnt and 
straight current in its effect on the life of lamps is an unsettled 
qixestion and that there is not an autlioritativa^ answer to that as 
yet. All our experiments have so far indicated negative results 


ine lite is tJie same 


vvneincr uie cnrrmn; ne straight or 


ing. 


^ I do not think there are any experiments as yet provim-' 
a material difference between the two, that is, wheir the cmidh 
tions are thoroughly watched ail through. With alternatint;- cur¬ 
rents it is very difficult to indicate the pressure. 

Me. F. L. Pope:—I quite agree with Mr. Ilou.dl that de¬ 
ductions drawn from a few experiments have no value whatever, 
and I merely mention it as current talk without takinn’ very much 
stock in it myself. I should not he at all suri.rised to finil, after 
a proper investigation had been made, that there was little’or no 
dijfference. 

Me. Mailloux:— In the early experinumts in car lighting, that, 
were conducted by a company here with storage batterie.r'tlu'-y 
very quickly found it nece.s,sary to incr.‘ase th,. elliciencv V.f the 
lamp, otherwise there would not lie enough energy to make a round 
trip. At that time the lamps of two and om-half watts per can 
dle-power were not in commercial use. They w.-re not to he |,ad 
So this company applied to the K.lison people to have some lamps 
made of two and one-half watts. Tin- Mdison ,-ompnnv replied 
that they could make lamp.s of any efliciencv and |,ha.l (hev would 
be g ad to make them, but that they wouhi not guarantee'an v life 
at all. 1 was not connected with th<. c.anpany at the time 
but I understand that is the way it happene.lthey look Ihe 

They thought that lamps were cdieaper than carrenl, i-spcMallv 
when you have got to take enrrerd; from slorage batteries • and 
they put the lamps on. I know that .some of (hose lamps’were 
m use for over three months, 'riiere may be some of them st ill 
m use, and they are running very satisfactorily, and (,hey not, only 

S^oviehr^^T'^’i^^^* fiometimoK get more when (.he battery 
motive forfe^^ Tl^ »‘'“>dMin constant electro- 

snbi^ 7^**1 Muv light on the 

J under those conditions I cannot say. It may be that, the 
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Edison (Mjnipany did not considcn- it wise for them to nst‘ tlnit 
same lamp at such ii hi<>'li oilKatnu^}'. 

Mn. I>iKi)SA ia. ^ - As re^'anls tlu^ life of a, lain]) wiien rinmini»’ 
al)ove \n)ltao'e,, I hav(‘ Found ])lants whieli have run the old halison 
lamp—a ninety-foiir volt la-mp. Tluw ra,n at one liundrcMl and 
lifteeri volts, and then they \vould ij;-ive nin<^ hundred hours lifta 
and tlie men did not appear to think that then* was very mm^h 
hunj) l>reak{ii>’(^ evcm For that exec^ss oF voltai>‘e. 

Mr,o (Im'ON :—As to thes<‘ (*urv(‘s whieli liav(‘ iHam jmf on the 
l)oard to-nio*ht, Mr. Ilowi^ll a,sked me \vh<‘tlier w(‘ slioidd [mhlish 
these results. W<‘ disiaissed it and (a>n(*.luded it was la*tter to 
publish wluit we ('ould aJiout the n^lations hetwcHUi (‘(*onomii*s 
a,nd lives <sF hunjis. The tinua w(^ <*on<*lude<b had <*onH‘, wlien 
the publie should Fully re(a>^nix(‘ that the mma^ (‘hum of oivin^ 2 
wat'/ts or 24 watts or watts or whatevaa* it is [uvr (amdle, mt‘ans 
nothino, until these (‘hiims ha,vis laaui vt‘ri(i(‘d by loni»’ praefiee, and 
W(^ know in th(‘ larin]) busiiu‘ss that no hnujis ean bis pul upon the 
market'., unless tii(‘y luive a. Ia.ri»;(s mari;an ovia* the laboratory test, 
a.s otliiu’wise your eomphiints a.nd troubl(‘s will more than eounler 
bahuiia! thi‘ ^adi, and thesis (*urves that Mr. Howell has pre 
sented Iii'ris., a.ri' based, I t-bink, safely on (‘ominereia! praetie<\and 
we luive i^bosim in this (*a.se a-bout o watts |>er candle as onr nor 
nud, and wi? rei'omnn^nd it as embodyine* our experiiaiee and tfie 
re(sommendation oF the Edison (sanjiany for the best eonunereial 
praxstiee. 

Mu, MAini.oux: I woidd like to ask Mr* Howell if fbe li^hf 
tixsts are made wit h a lamp runnini>* eoiitirnionsly; tliat is to sa w 
is the eiirrent intinaaipted over nii;’lrt ^ 

Mu. Howm.n: Yes, sir; w(‘ shut down at six o'eloek. 

MivX (I rl. Fim/n:—Witli reourd to ibi* new Lamp mentioned 
tlnsri^ (the r>. 1 watts lamp) I wonld Ktate that it ba> btam in use 
now sinia^ the First oi last Hi^jiliunber. It is riinninny as a rule, d 
to 5 volts a.l)ove prossnri‘, a.nd is run under all sorts of (‘omlitions. 
It has biasn shown on laircifnl invisstieaition lyy a man detailed 
esiHietatly tor that. pnr|>ose, tlnit tin* new lainp.s are |4'ivini( an 
a.vera,a;e oi over 1,000 bours^ lifts in e.ominereia! use, and in some 
(*.as(‘s trom l,ri<H) to 1,S00 hours, and numy a^imts are reipiesibur 
tins, eoinpany to niisi* the giuirankH* to 1,000 Imnrs. 

•M.Uu h\ I., Pouk:-- .,Mt% Ibx-‘sident, there is a great dtad t>f un 

t^erbnrity in the |)hotonHtrie iiumstirementH of lamps. 1 \vo nr 
tlnxKs years ago wi‘. bisard a great dtsiil aJamt tlic* remarkably elll 
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dent iiicandeBcent lamps th;it wen* prodiiciMl in Hiinia.iiti, Mini 
a gentleman of mj ac(jii:ihitaiH‘e ptNuainMl soium mim! iiiMlrM* 
took a pliotometric investigation of (lann, Uni !h‘ \vm- int Mhd 
to get as good results as tlun' had obtaimal in IniglaiHl. As it 
liappenedj I was over tlno’e not long aftta* and madt* some in 
qniries, and foimd the trouble to he in the svstnm of inensurenaait. 
My friend had ineasurecl them all around th(» horizontrd eiia-h*, 
while tlie Idigh\sh ph()toni<‘ters hiu taki^n meiadv i !h^ luL'-he f jH>int. 
They had measured them at hut om* angle, aial rliat was liH‘ wa v 
they obtained the results wlnhd wau-e (daimtai. 

The President:— We have n‘aeh(Ml the jisnai iimuM f ad|ouri! 
ment. Sliould there l)e iio further diseussioji on fids inf- 

resting and valoalde papei', a- motion to ad journ will he in order*. 

I think we all feel greatly imhrhhal to Mr. !!ow<dl foriJie 
trouble he lias taken in pn^paring this paptua auf! also Idr the 
fact, that he lias l)een cnaJ>led, aaid I may say allowed, to p!*esem 
to us information whieli has he«n aiaannulahMl at so givaf eosi 
and expense and winch niiist lx* of th{‘ utmost iHunslif fo ail who 
are engaged in the husim^ss and profession of iiieandeseenf light 
ing in this country a,ml abimad. I am smv that, these nmdls will 
be noted with int(‘rest not ordy in Am(u*i(*a, hut tliiNaugh*^ the 
world, wherever inea,n(l(‘s(am<: lairrps ai'e use<l. 

The knowledge of th<‘ fact(d’ Mr. llowidrs eonstant appii(*at ion 
to the study ot the im*au<h‘S(*(‘ut lamp for tin* last five veanr, and 
probably longer, was to my a;utieipa.tions a, sullieient guarantee 
that Ills paper would he of giant valma Weexpec'hM miieh from 
liiin, but lie lias givmi us <‘\nm morm 

Adjourned. 
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The Genera,I Meetiiic,'of f.liu Iiisfitnle was callol (o order at 
10.30 A.M., on Miiy Ififli, hy Mr. d'. C. Martin, \'iced‘re.si,|,;nt.' 

The Chairman :—As yon a-re awari', .ii-entleincn, Mr. I’VIwai-d 
Weston was eleGcMl Uresident of Mu: InsMtnle last ni.elil. 1 have 
been informed tliat he is not; at all will, and that it i.s i.o.ssihle 
that his sickneSiS nni.y, while not | ire vent.inn; his atfinidaiiee, ilelav 
him very much in t-nttino here this morninn:. I think it wonlit 
he well, liowever, if we were to i>roceed itumediafelv wifii otir 
j)rofj;ramme, and I will therefore pre.sent, as first n|ion the jiro- 
gramme, the paiier hy Mr. V. U. Delany, on the “ Protection of 
tlie Unman Roily from Dangerous (Currents;” tind as 1 have 
promiHcd Mr. Delany to retiil that for him, I will ,a,d< Prof. 
Antliony if he will pre.side while I do so. 

Prof. Anthony took the diair, and Mr. Martin read Mr. 
Dclany’,s iinper. 
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PEOTECTION OF THE HUMAN UODY FEOM 
DANOEEOUS CUEEENTS. 


BY PATRICK B. DKLANY. 


Since the oliject of reading a ])a|)er before the Institute slioiild 
be the enlighteimient of meini.erw on the sul.ject uiidei' consider¬ 
ation, by the presentation of facts (levelo|)cd by exj)eriinentation 
or of theories supported l)y a reasonable aiueiiut of investigati(.)n, 
I must apolopze for my deliinpjency in both resj»ccts, anil trust 
to the kind indulgence of the society in making a few .sugg<‘s- 
tions, with a view of eliciting infomiatimi and o|.iniuns fmin 
those whose experience and familiarity with the subject enables 
them to S 2 >eak with autlnirity. 

1 allude to what are considered dangerous ciirients and tlicir 
effect on tlie human body, d’hat there is (hanger in handliii”- 
ec)nductors conveying higli tension cnrrents must la* mmi'rallv 
admitted. The -p,estion, therefore, is, can fatal res.dts frmn 
sucli currents be wholly or partially averted 1 All will a-a-ee 
that with^proper care on the |)artof the <;ompani(!s and intellimmt 
co-operatuni (m tlie part of employa's, but little would b(‘ beard 
of the dangcjr of electric euiTcnts. But (aimpanies aie ecoimmienl 
and einpbps are careless. Familiarity with danger In-eeds eon- 
empt fer it This is oxemplified almost daily in every deiiart- 
mentof mdustry. A new man in a powder’mill will'(‘xercise 
the gi-eatest care mid observe all the rules of the estiddishment 
faithfully. In a few montlis the same man will smoke a uioe 
over an open powder keg. ^ 

T .necessary principally for those irlm tlirougli eare- 

lessness or ignorance fail to protect themselves, ft has been 
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claimed that there can he no such thing as an accident—that 
nature has none, and that all so-called accidents are simj.lv the 
results of miscalculation, bad judgment or carelessness. Dut it 
must he remembered that the vigilance of the most alert will 
sometimes rela.v, and this to them is the moment of danger. 

Realizing that something should he done to protect dvnanio 
men and wire handlers from 'injury from powerful currents, I, a 
few years since, invented a device for shunting the vital parts of 
the body. Partly on account of a ])ressiire of hnsines.s in other 
branches of electricity, hut princi|>ally owing to a hesitan<‘y in 
bringing out a device about the elHcac)' of which there seemed 
to be some doubt, its introduction to scientific criticism was de¬ 
layed until a few weeks ago. As the rcferenc,c.s made to the 
q^uestion in the cksjtrical pjipcjrs have Ijulcd to cli(‘it an expression 
of opinion satisfactory to any degivc, it has been (h-enied ad\-isahle 
to In-ing tlie subject before this meeting. 

The question to be determined is, to what extenf a wire <(f 
practically no resista-iuas, extending from om* wri.^t to tlu* oiher 
and l,)ound around tlu; wrists in mmnu'ous <;on\ohi1 ions, so as fo 
make good hut not! un^'ondfu'tiahh^ (*ontjU't, will proftH*! the \'iiai 
parts of the body from fatal injury when it is placed in the jiath 
of^a dangerous current through c.ontaet at the hands. It is 
claimed by some that the ciirnmt having once enti'red the 
imiscles, veins a,ud tissiu; at the hands, will not leave the arms 
at the wrists and follow tin; shorlei’ path of the wire, hut will 
confine its course to the arms and body alone. The ot her opitti,.,, 
is that the greatei' portion of the current ix'etived at the hands 
will halve the arms at tlu; wrists and follow the wire. The 
problem seems a dillicidt <m(; to s<.lve. So much depends mi the 
condition ol the person at the time of rei-ei\ inga shock, a large 
number of tests would he necessary to urri\*e at restdt' uhieh 
wmdd aflord a, safe basis for ealeidation. A few years ago 1 >r. 
btone, c,onni‘(-(ed with one o) the London hospitals, made a series 
of interesting experiments upon jiatieiits alilieted with varioii- 
ailments, with a. view of determining whethi-r or not Ihieiuation 
m tbeir phydeal condition affected the electrical conductivity or 
lesistaiice ol (heir bodies. The results proveil, iweording to mv 
recollection, that great changes took place in the electrical resi.~f. 
ance of the patients experimented upon from day to day, and 
that there was a direct influence manife,sted by the rise and fall 
of dillercnt diseases upon the ele(!trieul conductivity of the hodv 
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as a whole or in part. An account of Dr. Stone’s experiments 
was published in Nature at the time. But while the experiments 
were most valnable for the purpose for which they were intended, 
they throw but little light on the subject of dangerous currents 
and protection from fatal injury. 

Last September there was published in the Electrical Review 
of London, a paper on “ Shocks from Alternating Currents,” by 
Mr. Gr. L. Addenbrooke, who for some time previous had charge 
of the Grosvenor Gallery installation, where a primary current 
of 2,500 volts was constantly employed. While no one had ever 
come in contact with both mains at once, the writer stated that 
even if such an accident had happened he was ‘‘by no means 
prepared to assert that the result would undoubtedlv be fatal.” 
“ Indeed,” says he, “ I rather incline to the opinion that if the 
subject of the shock were healthy, and the circumstances under 
which he received it were favorable, the chances are he would 
sur^dve.” 

I cannot make out what Mr. Addenbrooke means by receiving 
2,500 volts under favorable circumstances. It seems to me, if 
they are received at all, the circumstance could not be otliei* than 
imfavorable. Mr. Addenbrooke himself received a severe shock, 
and as he speaks from experience, I quote his account of how it 
affected him: “ The primary effect of the passage of the current 
through the body is, of course, to contract the muscles. The 
amount and persistence of this contraction depend on the 
quantity of the current flowing, or, as* it is usually designated, 
the inteneity of the shock, and varies from a simple twitching of 
the hinbs to comj)lete and intense contraction or rigor of ap¬ 
parently every muscle in the body. In this latter case, the cur¬ 
rent completely supersedes the action of the mind over every¬ 
thing capable of contraction or movement. Consciousness, 
however, is apparently rarely, if ever, lost, though the subject 
may be entirely unable to make any motion, cry out, or do any¬ 
thing to help himself. If aid is not near, such a state may be 
maintained for some time. On release from such a position by 
extraneous or natural causes, the subject is usually dazed, but if 
at all unconscious, soon recovers completely and experiences no 
further functional disturbance than the debility and nervousness 
naturally following such a severe strain on the system.” While 
admitting that fatal shocks are possible, this gentleman gives it 
as his opinion that “ if the shock is not sufficient to cause instan- 
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taiicouK collapse, aj)])arently tlio body can 1)ear the strain of the 
continued passage of the current for some time,” and that death 
is caused by paralysis of the involuntaiy muscles controlling tlie 
heart and lungs, and that the ])reliminai 7 stages of total collapse 
are analogous to what ocaairs when drowning.” Referring to tlie 
local atdion of tln^ (uirrent on the body where it enters and. leaves, 
this writi'r also says: I f the contact is good, that is, if it consists 
of a good area, say of ov(‘r a coui)Ie of s<|uare inches of a fairly 
moist skin pressed with inoderate firmness against a metallic 
laxly or other good eondu(*-tor, no visil)le injmy may restdt. For 
instan(*e, a man will oftim get hurnt about the hands, hut Ins 
feet, by whi(di the curnmt leavers, will be unalfeeted, or only 
slightly laxldmitxl (u- inlhinnxL Ihiruing of the hands or otlier 
paais of th(‘body will (xunir when there is iniiKU-feet C()ntaet of 
the body with the ('onductor, (*oming in <*ontact with a, Inul or 
semi (‘oiiduetor, such as a dirty or <*arbonized sui’face. ddie l)ui‘n- 
ing is caused by thi‘ absolute s(‘tting u|) of an arc.” 

It seems to luv this genthnnaids views, based, as we aa*e led to 
believe*, on actual experitnet*, arc^ somewhat para{lt>xir*al. .Aiul 
surely num(‘rous (*as(*s of deaths from (Uirrents ret'cmtly, disprove 
nuiny of Mr. Addeidiroolosts {|(‘ductions. dhau\ nothing short of 
<h/atli is mnd(* public, so that there is but litth* information to go 
upon r(*iating to tin* instanoi‘s winch nnr-d lx* (»t‘ fn*<|Ut‘nt ixxarr- 
iHMicc wlu*rc men are kilhxl by electric. shiH*ks, In all 

<*asi*s that have c«uue to light, whetlu*r simply injuries or c*asi*s of 
d<‘alh, the parts id‘ the body coiuiiig in contact with the (‘urrent 
base lx*en badly burned. The unfortunate "Mnuihle huntt*!,” 
wlur lost his life a fi‘W days ;dncc, was not only hunted at the 
hands hut at the kiiee’% lu cases \\da*re tin* shock is not iustantK' 
fatal, mas it imf Ih* that tin* lairning of the llesh at tin* iHuin> t»f 
coutaof i • '•Tr.'ii as to destroy to a c(msid(‘rahle exteftt the cou- 
<luc*liiig id» taiM'e in contaet with the wire, and t liereby (‘aust* U: 
fall ill tlio eurreiil pa-dug through tlie Itody^ It is (x-rtainlv 
owtiig to the fa el of 1 he Itody lad ug a vigy |HH>r (*oi nine tor that 
iiarm is done. If it oibo’ed no rt*sistanee th<*re would lie no 
reaJi/atiou that a eurrent was passing through It. An an* would 
IxMTeatetl at the point of contact, ]u*ovidt‘d the famtact was ///c* 
/c/'/A'A bill tin* Itody itself would lx* uninjured. It s<*em:s to me 
that the human body must lie viewed us any otlu*r semi nmdiudmr, 
with th«* (*\eeption piwhaps of sus(*e]>tlldlity to <rreat(‘r (*hang(‘ 
under the continued ueiion of a current owing to tin* tlui<ls whi(*h 
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it contains. It is owing to its re.sistanee that a eaiiidii iiliitiiext 
becomes incandescent. 

The carbon rod of an electric lamp i.s not cmismucil (■\<'rpt ar 
the point where the arc is formed l>j the rcsistainH- nf aKcmiati'd 
particles under combustion. Any conducting Mil)-;(aiiccs placed 
in the path of more current than it i.‘i capaiilc of convovinu nm.-.r 
be heated, consumed or deconipo.sed, according to their n.ainre 
and in proportion to the discrepancy between the cemha-tinu 
capacity of tlie conductor and the smn (d' the current. 

Now if we liken tlie human body from hand to h.and to a can¬ 
vas hose or tube filled with water iind which allows a certain 
quantity of moisture to Ooze through tlie surface, correspnndinu 
to the moisture of the skin, and if this be inserted in a circuit, 
connection being made at the e.xtreme ends, <*orresponiliiie' to tin* 
hands, and a .shunt wire of minimum resistance be woiitnl around 
the tube two or three inches from the imds, (‘orrespondinu sa\' to 
the wrists, we can, ])erliaps, more understandijigly speciil.ale on 
the action of a dangerous current on the hmn:m bodv, <’ontact 
being made at the hands iuid the shunt wire eneirclinu the wriou 
It should bo borne in min<! that the conbict between the shunt 
wire and wrists is niucli better tlum tlie cmitact at the hands 
since the wrists are more tender than the hands. X,,\v, referring 
to the tnl)e, and assuming thiit lla; contficts tit the ends lane ine 
proved by reason ot the currents eating its way into the wafer, 
does it not follow that the current iiisttud (d' following the entiie 
lengtlmjt the tube of water, ollering, say thirty times the resist¬ 
ance of the two or three im-hes of water from the einl of tlie tiibi' 
to tlie .slnint wire, and several thousand times the resistance id' 
the shunt wiixmlself, will, to a great extent, pass from the tube 
to the .shunt wire and in its pH.s.sagethe contact at that 
point a.s it did at the ends in entering the tiibet 1 ha\e often 
noticed that upon receiving a shock of laO to gb'Mt volts profuse 
perspiration instantly followed. This wonhl greatly improve the 
contact at the wn.st.s above the normal, so that it would .-.eem im 
po.ssible that the current should confine itself to the lluiils and 
muscles of the body in preference to the wire when separated 
from the wire only by thin, tender skin filled with moisture. 

In considering the danger point of currents it .seems reasonable 
to recognize the same law, or rather recognize the absence of any 
law, governing other deBtriictivc agencies. Let it be ..oneuasio,; 
strain, asphyxia, poison, or othor enemy of (mduram-e, there an' 
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hardly two eases alike. One mao may emerge with but slight 
injury from a cause which to aiiotlier man would 1)6 deatli. Wliy 
slionld it not be so in the matter of electric shock ^ Deatli, of 
course, must be the conse<jnen(*e of a certain degree of cause. If 
2,000 volts are necessary to kill in any instan(*e, one volt less 
would avert di‘atli, while slmnfing loiioroOO volts would leave 
a iiroportionate margin of sab‘ty. Fata,! results through tlie 
niedinin ol (‘h‘(*tri(‘ity do not (anne by jum|)s any more than by 
any othm- t’ona' oi* elenumt of d(‘stru(*tion. Then* is in this subtle 
agency, as in all o[h(‘rs,a. last straw which breaks tiui cainePs back— 
a last volt which does tin*, liiail harm. Ilmici' tlu? importance of 
protecting, as far as possibh*, those c^xposiMl to this dangm*. 

IhgTirrhhig th(‘ inniHMli{it(‘<*a,use (>f death or thc‘ elfcct of (uir- 
rents on the substan(M‘s oj tla* body, we must, look to the uualic'al 
inen for liglrt. Prob;d»ly all subjected to sliocdc mia-ht not lie 
similarly alleM'ted. In one ('as(‘ it might be tin* heart, in another, 
tlie brain, and in otlua-s, tlie lungs that might la* injurecl. Why 
not havc^ a. thorough inV(‘stigation of this subject', and then pier- 
haps wire handh-rs may bo subj(‘<t<*(l to ;ui (‘xamination before 
tiny are allowtal to <‘ngag(‘ in smdi W(a*k, just as mon arc^ 
amined for various otlnu’ duties. 

Then^ seems to lx* so litth* known alxuit tluvsts matt(*rs, I shall 
feed gratiti(‘d if this |mpi‘r servass as (*ven a fe(*b!e imatement to 
discussion and inv(‘stigatiou, as I can (’onccave <ff no subject oJb^r- 
ing a, mon* hnmam* incentive. 


mserssa >n. 

Mr. (J, M. IbiKia*s, Jr.: I suppose it will b<* sonnwvhat dillicnlt 
to lu’ing tin* meiat of tin* proposed |>n»teetion to a test by a trial 
by linenHUi, or upon any person, There will probably be few 
invexstigators turfhiisiastic' enough to learn the possibilitie*-of this 
protection by submitting to a test. Ihit unii*ss eletUricians share* 
th(‘ siuisilalities of tin* Anfi vivistetion Society, a gnait fh*al 
miglit bt* learmai as to the rdlicacy of the means of protectitui 
suggested by Mr, I)elany by judicious experiments upon animals. 
I suppose tlnae will be an o[}portuuity to get an abnndunt supply 
of (logs of various .sorts the latter part cd’tlie sumunu*. I nnsrely 
male* tint, sugge.stion as pointing out a method <»f t(*sting tin* 
etbcacw of thi-s imams of pr<de<diom 1 am (|nite serious ahout it. 
I ean sch^ no naason why very satisfactory tests might not lx* a.p> 
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plied to various animals, and some of these pliysiological questions 
implied in Mr. Delany’s paj)er be determined to a great extent. 

Mr. Martin :—Mr. Delany was not at all anxious that the ap¬ 
paratus he had devised should be exliibited, not desiring in any 
way to use the Institute as an advertising inediiim. I wRs very 
much interested in tlie subject myself, however, and I took tlie 
liberty of bringing some of tlie apparatus witli me. If it be the 
desire of the nieml)ers, I will show it. 

(Mr. Martin exliiliited the apparatus.) 

Mr. E. W. Pope: —Mr. President, one of the ditiiculties en¬ 
countered in the practical application of a safeguard of tliis kind, 
according to my investigations, lias lieen the ditliculty in enforc¬ 
ing its use among the very men wliom it may lie intended to jiro- 
tect, I have heard it stated tliat miners were averse to car¬ 
rying safety lanq)S, and we all know that thei’c a,re insidated 
pliers now on the marlcet, and that India rublier gloves when 
perfect, answer as a protection ; yet men go out on their daily 
duties without taking even tliese precautions, and conse<puvntiy 
we need something more than the actual invention of a devi(*e 
that will perform its duty in order to sa\'e lives. If men 
are so careless and so regardless of the danger as to go out on 
their duties witliout preparing against it, 1 <lo not see how we 
can do anything to wliolly iirevent accidents. 

Mr. JosKini Wetzler —In looking at the <|uestion from an¬ 
other standpoint, it strikes me that the <|iu\stion which is in¬ 
volved in the fatality of an electric shmdv, depends to a,s gr(‘at ex¬ 
tent on the electric work done ujion IIh^ body, as upon tlu^ pidicn™ 
tial. Let us take, for instance, the (aise of a. nmn st.rmtk by 
lightning. We frequently hear of imm liaving laicn stru(d< and 
surviving. llei‘e tliere can be no <|uestion of tin? fact that the 
potential was at least many hundreds of thousands volts. Vet 
on the other liand we see a nmn touching a, wii’e, of l,5ou or ti,000 
volts and being killed. In one case we haonr an emormous p<nen- 
tial, but an, ex(MM;Mliiig^^^^ currmit; in tin* other case a (anm- 

paratively small potential, Init a hirgc^ (uirrmit; yet in the lattei- 
case tlie electric work far exceials tliat of th(dlightn!ng slrokc 
and the man’s deatli ensues. Therefore 1 should say that the 
question involved as much the electrii^ work domr upon the 
liuinan liody as the potential; a.nd if by means of siudi an a,j>t»aiii" 
tus tlie work done in tlie human liody can l>e (hau'ixised, I tliink 
it would have in tliat seiiHO some value; that is, if you <?ould 
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sliuiit 11 lariiv |>!trt of (a niun'h life uiifrlit liu wived, wliereas if 
it, were not .siuiiiled it: mijiflit enter his body and cause bis death. 

Pkok. 1*. H. Vasiiku Wkydk: —We have lately seen in the 
electrical journals assertions about the number of volts of jioten- 
tiid of current pcoide can stand without injury. It has lieen 
.stated thni a tlmusand volts could be taken with iierfect impunity. 
Ihil tho.s' wriler.- for^mt that there are two elements to be con- 
sidi'i-i'd (he potential and the ipiantity, as stated liy the hast 
speaki'r. It is the pro<lu<‘t <d'amperes ami volts which does the 
damage. When we have a threat potential, as in a friction elec¬ 
trical nuichine; w(‘ may have, as Prof. Mayer, in Hoboken, lately 
sliowed, many thousands id' volts potential but no (piantity. It 
will penetrate a diMance easily, but the iiuantity transmitted is 
ver\' small, so that it is harmless. 'I'he sparks of a friction ma- 
chiiu' do not cause serious ilama^e. l>ut when we take the other 
extriane. larirer (piantity and itreater numlier id' amperes, it is 
(litTcrent. We lind that in the thermo-electric pile there is not 
sutiicieiit (dectromotive force to penetrate the iskin. It has no 
elTecI on the body. There is not einui^h electromotive force even 
to pass throntrh the liijuid.- «d' the body. In the ualvanic battery, 
we have ehsMroniolive force if we Use a siillicient number (d' 
elements and we have ipuintlty if oiir cell,- are laro-e eiiouf^h. 
There we may liuic a shock, and a buttery of that kind as larire 
as Sir Ilumphrev Hai i' used, of some four thousand element'' 
niav lie fatal to an experimenter. It is the relidion between the 
two. 'I'here mn;-.| be a sutlicieiit mtmbi'r id' volts and a suHicieut 
nmidier of ampere lom-l her, in order to destroy liie. 1 hat is 
theca e with liuhininm rsnally liohtiiinu is fatal, hi'cau-e tiieiv 
i uilieiiiit ipiaiitily. and at the same time there i- eleetro- 
niotixe force, m- w see !<y the enormous letiolh of a stroke of 

lioiiiuiim. So it i' with dynamos; when hi-rh electromotive 
p’lv i e.md.ined with .sidlicienl ijuanlity. it, becoim-s dan- 
..■eroir ■ but 1 warn to impre-upon all, that electromotive force 
•done, wiihoni ipianiity. i:- hariules-. nnd so, also, pn'mdnpmidily 
alone i-hanale, -. It i- the eonibinafioii of the two in which 
lit ' !Ih" « 

. iM.nii : ■ Ml* I ijuit** ap’in* wirli .Iii% 

Vander Wevde iti theopiitione\pri‘s.ed that it is not aipiestionol 
volt- or . iirrent alone which determine.s the falaiity of a shock. 
It i,. .piiie po'sible. no diiiilti. to take a ehiU'f.m through the human 
lioiK e pud to iitunx thoiisands of volts. One may moimf an in 
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sulated stool and be charged to a potential of ten or fifteen inches 
of striking distance, and have it discliarged from liim ^\■ith no 
more discomfort than would result hv the discharge fhrougli his 
body of a very small Leyden jar. Tliat I have had experience in 
myself, and I can testify that even thongli sncli si charge ;is fhsit 
goes directly across the body of a person it lias no harnifnl 
effects, other than a very slight shock, causing a twitching of the 
arm. In all cases of dangerous shock itseems to me that we must 
have a resistance so low as to permit tlie vidts to send a cur¬ 
rent of a certain volume tliruugli the system. IF that (mrrent 
is not attained, it is doulitful whether liarmful i-esults will 
follow. If that current is attained, tlie harmful i-esnlts may 
follow. If we could imagine a- man constituted so as to 
have not more than an ohm resistance seirirating any two portions 
of his body Iictween which are situated vital nerves—nervi's 
whose action is required to keep up the functions of the respi¬ 
ratory organs or the heart—it is quite conceivable (hat a, \-(‘ry 
small voltage might kill the man. iluman subjects nndoulitwHy 
differ very greatly in resistance, and a fatal shock may lie oli- 
tained in one case at one time, which would not Ik* obluincil by 
the same subject at another time with e(|ual vollagc, much de¬ 
pending on the moisture of the skin, and probably tim amount <if 
salty matter in tlie blood. The layer of fat which exists iimhu’- 
neath the skin acts as a sort of insulator. All these things will 
have an influence, and then comes in addition the susccp|"ibility 
to a discharge. We have reason to believe', 1 think, that sus 
ceptibility varies very greatly in people. 1 ,piit.‘ agre.' also with 
Mr. I helps in the necessity of some really scientific investigations 
tending to clear Up this ipiestion. Tliose investigations, I think, 
could be carried on with the lower aaiimals, and very valuabh' 
data arrived at, as to the iiassage of the current in certiun dirce- 
tions throngli the body; whether the current in its passing in¬ 
cludes, say, the pneumo-gastric nerve, which, if it does noract, 
is sure death every time. The heart must beat in order that, life 
be sustained, and death will occur from heart failure if the heart 
is not kept beating. If, in like manner, tlie nerves cent rolling 
the respiratory functions have their vitality exhausted, (hat will 
also be a cause ot death. The whole organism de|)ends, I think, 
upon the nervous system, and hence it is a possibility fluit such a 
thing as nervous polarimtion may occur. I’he molecules con- 
stituting the nerve fibres may become set or pohirixml, so that 



DJSaUSSIOM 




tlie IvraiiiB exeitatioM cannot reverse tlieni nor l>ring tlicm 
back to a normal coiidirion. This idea lias lieen svia*^’(‘st(‘d as a 
rneans of i\\siis(atati<)n^^^-^-o discbara'c passed in an opposita^ direc¬ 
tion would, as it wta'e, deiiolarize the nerv(‘s ainl assist recovery, 
followed hy a,rtiti(*ial respiration iind other means at (a)mmand. 
It has been stated, 1 think by DtArsonval, that in his oi>inion 
the alternating curnmt is not as apt to prodiH*e fatal i*t‘sults as 
the direct (airrent, and particularly (lirect currents in th(‘ nature 
of sinklen discharuH‘s or shocks similar to linhtnini!: dischari;’(‘s, in 
whicli a hira'(i volume of current is KUit throuii’h in intermiltmit 
impulses or in one impulse of consi<lerahk‘ power, lb*, I heliice, 
holds to the opinion that in <*ases of injury by altmmatin^n-c'ur- 
rents resuscilation may ocemr, in many cas(‘s, by artificial n*si)ira- 
tion. If tliis is true, it would seem lhal polarization has sonie- 
thine'to do with it, which is prevemtetl in tin* ca>e ol .alternating^ 
curnmts, becaiisis they are continually rcvers(‘d. Idie fact also is 
cautainh' tiaie that (*as{‘s oi \'(‘ry Niwm’c injury ar<‘ kno\\n, v\‘lH‘r(j 
m(‘n liaA't* been sid>j(‘ct(M| to a very hinh potential current and till 
the t‘videma^s of the pas,-am‘«h‘ a heavy eurreni tliroireli their 
J)odies ha.vi‘ Ihmsii found, and tla^ men Imvt* mrt suffered any 
uT(‘jit imamveniein'c other than tlie burninji- of tlie hands, >o 
that it woukl srann as thoireii a criti(*al condition existetl in some* 
cas(‘s which was not present in othtu's. Whether the person 
himself has anv extra power oi re.'«istam’e, or wlnuher Ids m*r 
vous svstem is so t<med tij) a.’^ to Im‘ i/aprdde of ria'overiiii*: alter 
hi* has Inam [(artially injured is a which woultl naturally 

aris(‘ in connet'tion with this <xase. ! cannot au’ree ibiif it is a 
(|uesrion of tan* vatit nmre or lies wlM*tht*r a man i.^ kilh*d ttr not* 

I flunk the linn* t‘lenH‘nt is [n'oladdy tin* most imiHvrfanl ot all. 
Then* an* eaoc in w!dn‘h nn‘n liave been struck by lt,u'hlninm and, 
as von all know, liave ri‘covcre<b Idseliarti’es ol potentiidiU mlb 
lions of N'olts have passed thnamli their bodies and they liaAc n*- 
covered, and in snch cases tin* discharm* was mnionb!f*dly a :onk 
den «mc, and tin* current pas^iirt.^ must have Ihmsii very condder-* 
able. I camiot regard a li,a'hiniittt Hash as an example of n .mmll 
current* The !iea;tiitit elTeets which an* present in Mieii cases 
an* siillieient to show that the c*iirrent may rise to very many 
hmntn'ds of atnperes. For example, if a lig'hinino fhish xvill <h*^ 
ila-'ratc a small inm wire in a vt*ry simtll fnu*tion of a sceoinl, it 
mean^ that (*nrn*nt, not xadts, has done the work, and not only 
that, lad a v(*ry larire (‘urrenb It may have existed lor lad a 
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short time, but it certainly did exist, and tlie very suddenness of 
the action is in favor of very high (,-iirrent tlowing. W'e have 
numerous instances of telegraph and teleplione wiixis and other 
small conductors melted by the eleeti-ic discharge from the 
clouds, and when we consider the conditions, we must sei-that 
the current is large. We have only to look at a lightidng dis¬ 
charge to see that it may ap])ear to ns as thick, sotnetinies, as a 
telegraph pole. That, if it means anything, means a liodv of 
vapor highly heated, of some considerable area. Ihit liglitning 
discharges, according to my observation, are not always single 
and alone. They are sometimes repeated half a dozen times 
dowm the same jmth, and it is md, to !)e wondeivd at that a man 
leeeiving, say, a discharge of half a dozen flashes down the same 
path in rapid succession, might he killed, whereas iinian ret-eiving 
one flash, might escape. I luive noted that fact hy simpl v keeping 
my head going during a thunder storm and keep'ing- m v eves fixed 
in one direction, so as to catch the flashes, and (hey arrange I hem- 
sdvos in parallel line.s, oftentimes. ] havi- counted as matiy us 
six in that way, very quickly hdlowing' eacdi othcu'. 

■Da. VANDioi Wkvi>I': I had an op|ioi'lunit v some twenty 

years ago of making experiments regarding the susceptihilily of 
dilterent ];)crsons to heavy shocks, when I was j.nd'essor at'the 
Cooper Institute. We had a ltlmmk(,rir coil whi(di gav.- sparks 
of twelve inches, and whiidi, hy some improvement,- in takiim 
away all possible edges on the binding posts, I increased to l'(! 
niches, in making the experiment 1 wasu few time.-knocked down 
—not actually knocked, down, so much as that I had Iosif down • 

1 co.dd not help myself. I spokeofit to Mr. Ividder, w<di known’ 
us a, practicioner using slight ,d<a-tric sho<-ks for medical pur 

poses, lie canm to iny place fr.apH'ntlv, aii.l 1 gave him advice 
about Ins machine. He said that the idea was exaggemted that 
such a Khumkoril: coil wa.s so dangeimus. and he wa.s wiiliirg to 
take the strongest shock I con hi give. | said to him, “If’voii 
wiint to take a risk, I am ready, but, bring witni's-es." He cmne 
with witnesses, one of them being a reporter of (he V, ,r y,„k 
Inhnn, 1 gave Mr. Kidder small shoi-ks at first, gra.inallv 
nmkiiig them hirger and huger, am 1 he stood t hem perfectly and 
thgy <hd not knock him down. I le had great, power a,f resistance 
n,r t uit respect, ihe next day a sensational article was publish.Hl 
m the 7z./mac, heailud, “ An Error in Sidence Kxplmle.l," ami 
heie It was said that all the talk that electricity could kill was 
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nonsense; that the stron^(‘st niaehine whicli ever liad been made 
was now at the (hooper Institute—that it was the strongest 
\\axs i)r<>\n 3 <l hvMln^ thet thaJ: it e less than S>400, an<l that 

Mr. Ividdcn*, tlnx widl-known eli‘(*tri(daiu had stooil all the slioeks 
from it, and it ^‘ava^ a, gaasit ina,ny <leta,ils whi('h are very amusinj^: 
to a man |>osted in (‘hadricad s('ien(a‘, writUvn by a rei)orti‘r who 
was not fainilijir with tb(‘ subjta't. It isstrani»‘e to me that some 
persons hav(‘ sueh n’reat resistance. 

Dm Ori'o A. M(»sks:. -Vlw. proposed expinmnents on animals 

would be visry intma^stinny but it woukl be vmw ditlieidt to make 
th(i conditions sutlicimit to satisfy all tin* repninammts that an* 
ne(H*ssary for a<‘cnrate experinxailation. If you consid(*r that the 
resistance of a, maids body may vary malm’ <‘ertain (arcumstances 
from ti*n <»r tifteen thousand ohms down to four or tivi* ohms, it 
will b(X S(‘<‘n that it is necessary that the experiment should be 
nadhodic'allV (MUiducted. d'lu* skin is an (vxcidteiit insidatoix tin* 
l)lood an excellent comluetor, tin* perspiration an excellent crm- 
ductor. d1ie varying; jiressun* that we a|>ply in (’tuiiine in eon- 
taet with a <»ondu<*tor is a cause of imniimse \ariation in tla* 
amount of current that, passes throuaii us. In lacd, we may 
assunn* that our neiwes convey impix's-^ions to us simply by tin* 
varviuij;' pn*ssm*e that we trivia to an object, in that way brinnanef 
mon^ «u* less vital ekadric mdiom or whatevm* it may be, into play. 
An intt‘n*stiiiLt experiment will prove how variable flu* <pmntily 
of curn*nt, |iasw‘<l through a conductor, may be. At tin* time 
Mr, Kdison was experimentiinr on a carbon lehspbom*, betiioimht 
it essential, and it is essential that a uniform prt*ssuri* should lie 
upon the (*arl)on buttons <rl the Iransmitters, Ail of in^experi" 
nnmts were nmdi* muh*r uniform conditions. For in.-tanee, in 
tin* ordinarv carbon bntl«m, which was alHuit oiu* or IA centime-- 
tcfs in diameter, lie appilied usually a weight of one u'ranmus and 
!u* found then tliat they bad a rerdstanee ot abmit one ohim but 
varviutr bv<lrometric eomlitions albaded theeondmdixdt v. A pas» 
sin^j,* thuinlor ,>lorni, causinic tin* ahsorption ol moi.-tun* by the 
cariion, produced a variation in tlm <iuantity of enrn*nt pursiu^i: 
throneh. So, without any a|>|iareiit chanires, wo havt* midently 
<mt (*ham*’es of resi^^tanee. The skin varies in thickni*ss, so t hut it 
Ik n(‘<‘(>ssni'v in inukiut; (‘X])<‘riiii<'iits, lo hih* (•niistiuit pliK'u 

juiil line couhtiint. thickness. It will ito u very ililli<’iill tliinn; to 
try iltc cxpcrinicnf, Imt stiil it. w»»iihl lcn<l to mmil ri>ulls. 

Witli rcfranl til tin* iKtlnt tlmt Prof. Thorns'ni ruisc!, tlmt it was 
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possible for a man to live after liaving-roeoivo*! a M-vcrc ^tn.kc 
of liglitning. That is quite true. But I tliiiik it may lie axa-ihcd 
to the fact, that in such a ease tlie man’s clothes would uatui-allv 
be saturated by the rain and thus become e.\<‘c!lent (•oudu<-tor>. 
The man is struck, but the wet clothes serve to carry tin' current 
more than the body. There is probaldy an induced action that 
affects the man, but the skin, being an e.xcellcnt tiou-couductor, 
furnishes such insulation that most all the current pa.s.'o throuir'h 
the -wet clothes. 

"With regard to the quantity of current tlmt will tdl'cct the 
sensations, one or two interesting exjterimcnts may !»• nut un- 
acceptable. If yon make a single btittery of /due and eojiper 
placed above and below the tongue, you will feel a .slichf shock, 
you will taste a slight acidity, and you will also sec a fla-h w hi<du 
with sensitive ])ersons, becomes unpleasant. There you have an 
electromotive force of about a, volt and a very .small ipumtitv id' 
current. If you take through the teiuph-s loo volts from a like 
number of ordinaryDanieH's cells,you will get a verv implea-aui 
stunning effect, Init not a painful one. There you lui\ e the brain 
brought right in between the terminals; whereas if you were to 
take a shock from a lihumkorlf coil, such as Dr. N'ander 'Wevde 
spoke of, where the spark wtis Hi, IT, or 2o itiebes, you would be 
able to actually transfix yourself if yon were of sullieientlv bidi 
resistance. We have all seen blocks of glass, four or live inches 
in diameter, pierced liy a spark Irom a. Rhumkorlf coil. Ho 
there, if the body is thoroughly insulated by the drv skin, and 
the spark not able to pass by mean <d' the skin, it miobt pas,., 
through the brain in that ease and eaiise instant de.'ilb. If would 
be very difficult to trace the ptissage of the spark, but I think 
death would lie caused in that way. The location of the ter 
minals, too, has very gntat inlluenee on the sensitiveness. 1 mv- 
self am exceedingly sensitive to the smallest shoidt. It is m, n'm 
pleasant that what could la; horiu* hy almost any bod \ puts me in 

a profuse perspiration. So that ‘it varies iiumeioeU in im 
dividuals. 

(IVIr. Martin hero assumed tin; (‘hair.) 

Ml. Irancis B. Orocker read the following paper on “'I'lie I'o.- 
sibilities and Limitations of Chemietil (Jenenitors of Kleetriidtv." 


THE POSSIHILITIES AND LIMITATIONS OF 
OHEMIOAL OKNEItATOILS OF ELKOTRiCITr. 


BY FKAXas B. CROCKKK. 

KliMYlrL^-<*lii‘BiislI’v HMBBs Icss ‘rtBicrMlIy uiid less (‘lerirly imder- 
stood tluiB any nther hraneh of (Lleidrieity of etiiud iiu]>ort{in(*e. 
The huds <‘<BieerniBt*’ the ilyBUiuo, motor, telep‘ai)h and t(‘lt‘i)hoiie 
ari‘ wiihdy auel detiidtely knoum; hut there are ideas, statements 
and elnims in rt*pird to hatterios \vhi</h are furthor from the 
truth, more |>n*vah*nt and p) lon^Lrer without hein^ eontradieted 
than any other eolleetion of errors that i (am call to mind. 

Ih’iiiiary hatteries have not nwived tin* attrition In this 
country thal tlnw ha\e abroad, lairticularly in Ivn,Lrland, wlnaa* 
the suee(Lssfu! or unsue(a*xsfid attenqit, to tloat a mov jiriinarv 
battery eom|iany is a mnltm* of almost wtntkly (KaninauKH*. 
NtoanuIndess the subjTet is a suHiehmtly iin|H)rtant out*, and the 
falso idoa-of which 1 have spoki*n havt* spread so far lawond 
the <|ua(dc-*, to whom surdi iihats are usnally eontin(‘th that tin* 
sidijoei do..t*rve> mma* study than it usually refarives, partieadarlv 
from tin* otdiuititii' standpoint. 

A7sc/ce;/e^/ov /d^/v r. « dthimdi foret* whi(di a ^ivtm 

baltorv or (*ombinati(m of ntaterials will dt*V(*h>p is tin* first and 
most important i|ur‘stion in (det'tromlamiislry, t)f (MUirse tlie 
biL-t and suo-t way (o arrive at tliis K. M. F. is to dtU.ermint* it 
liy actual r\porintont with a vo!ttu(dt*rm>J% cdH InUtm*, by (‘one 
parir.on uith a standard (‘clh l^lau'e arc, hoW(*v(‘r, mauv times 
wla*n the maioriah- nr insfrum(*iifs are not at hand, and a (aileula- 
tion or predetmanination id' tin* l*h F, is v(*ry (amvtmitmt. 

Tin* formula for eahudutin^^ the E. AL h\ is obtaimal by assuin- 
in^it that the (decUrieal vtivv*xy (d’ the |jrivtm cluunicail caanbination 
is (Mpial tothr hc'ui (Uier^y whieh thesanaMMurdunation is (aipahle 

of produeiiio. or h* . 4db C ri //^ that is, volts multiplit^d by 

cuadmubs is (spml to the <a>uloiii!>s multijdieHl by the elexd-ro- 


r#t 


278 


THE POSSIBILITIES AKB LIMITATIOXS OF 


chemical equivalent, tlie weiglit of inatf*rial ri*qiiir«*t| jM»r 
coulomb and that by the lieat ]>ro<lu(a‘<l by om* trraniine of ibe 
material. The electrical equivalent of heat Lib i- infru(ltn*i'i| lu 
reduce both members of tlie eijuation to an ehaOricai! basi-s. i yfj, 
celling the Om botli members, we havt* K i.l<» a li\ in wtiiTb 
E is the E. M. F. in volts, n is the (decf ro»f*bemio;{l ot|ni\ alcnt 
(grammes per conlomb), and // is tln^ numboriO' iirai nnii.^ 
(gramme-degrees (lent.) produced [ler gramme <d‘ marm-ia! by (ho 
given chemical comlvination. The valm*s of e jiml II :iregi\rn 
for most materials in electrical and (fumiieal bonks of rtOdmio**, 
and the calculation is a verysinqile oni‘, nevmile»los> fbi- formnia 
and the priMci[)le involved in it an* not gcnm’allv undiavfnod and 
are very seldom used. The equation d<‘dueod ab«n c U I hat 
ordinarily given, but what I hava* found to In* a mon* onin t-niont 
form of it is obtained liy assuming thaf /{ I, giiinn: its 
value for hydrogen (dM)()01n;>r>). S(»h'ing with n*^] jcef In // we 
have II = 2‘5;?0(), wliieli meaiis that S thi' iiiuiihfr <il‘ heal 

units per ocjuiviiicut. coiTes|Miii(Iiiiu; tn uiiu vnlf, ;ut«i all that i- 
necessary to tlic volts of any .I’-ivon difmical U 

to divide the luiinhor of licat; units per oi|nivjih‘ni t u liicli is the 
form they are almost always .iriven in) liy ami ilm .im.licnt, 

is tlie E. M. R in volts. For cxamplo. In <»l»tain the H. .M. F. 
whicli zinc ami Iree (dilorine will devadop di\’i*io is.tiMU twhiefi 
is the miniher of heat units pi-udnced liy (he e.mil.inatinn nf nne 
equivalent of zinc with one of dilorine us i;iven hy 'rimniMm) i.v 
23,300, and the result is certainly very cIo.m- tn 2.11, the 
actual value obtained hy e.xperiment. In the same wav the F. 
]\([. h. of* otliei comhinatIons ol niateriuls niav ht* predeterniined, 
but it slionld he !llwuy.s honio in mind that tlin heat <if enmhina 
tion corresponding- to one n? the material slmnld he 

taken aiul not necessarily that corrcsiiotidin.a: to om* atom ■ us for 
example in the case of zinc, the heat per atom (tin grammes) is 
9^7,200 which has to i»e divided hy 2 to reduce if to one ••quivni.-nt 
because zinc is a dyad ami takes two atoms of eldorine, which is 
a monad. In the ease of monad metals like sodium, potassium 
and silver pe lip;ureH may lie, taken just as they an* jriven in the 
tables.^ Mistakes very frequently ariso is this way; in fnet 1 do 
not think I ever saw a table of oUsctro-ehemieul* eqnivulenfs in 
which this point was eorroctly introdueed in every ease. 

In order to test the praeticahility ami aceitraey of ealenlutiim 
E.M. I., as well as to obtain reliable results ami full data for 
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their r>wn vuliite I <lt‘ieruiiiie(l tiie R. M. P, i>'iven l>y tlrirtBcn of 
the most iiiiportmit oietals in eomhiiiMtioii witli frei^ elilorino, 
bromine :iml ioiliiK^ and th(‘ results are given in tables A, I] and 
(] rt‘S|>(Hdi\Hdy. In tnbh‘ I), I have tivc^raged tlie results and 
|)lnet‘d ihmn sid(‘ by sid(‘ with tlu‘ results oI>ta.ined 1)V ealciilation. 
The agriHUiunit btywiMUi tlu^ two sets of ligures is not perfeet by 
any means, but wlam it is nmnuubia-ed how the K. M. R of a eeil 
will <diange oma or two ttnihs of a volt on a|)pa,rentlv the slight¬ 
est provo{*atiom I tliink th(» figur(‘s are strikingly elose, more so 
than 1 e.K])eeted to find tlumi. In nion‘ tlian half of tin* f'ases the 
dithnamet! is less than omz-teiith of a v<»lt, ami the average ditfer- 
ene.(‘ is only slightly juoit* tlian that Tlan-e. has been no warj)- 
ing or eoaxing of fin* tigurt‘s to seeure uniformity T1 h‘ results 
artygaven jji>t as they eanaa If llgures wtaa* pic'kial out from 
tin* diilVrtnt ob; ervations, it w<ud«l be po>sibh* to obtrnn almost 
[avrfeel agroenienl lH‘lween tln^ ealeuluttMl and lln* dett‘rmin(*d, as 
oius may see by looking ovt*r the table>. 

In rtarard to ib*‘ experiniintal rosulfs as givtm in tallies A, U 
and i\ 1 may ; fate that all the metal;-, and salts ustMl wma* eland- 
eally pane willi the eveeptiins of iht* unaals niagnesium and 
abmdidum, and tlnee were <d'a \ery gooil tpiality. Pui*(‘(*arbon 
plates Were m-ed for the negative plate, Imt platinum was also 
tried and ga\n substantially the same residts. 11ie !y M. F. was 
imatstired In* ri ddionij*son relliseting gah’anometer (b\’ Flliott) 
U-sing two independent standard !)aniell eidls. One faet wbieb 
striloy one in htoking over I be ialdty .A^ H and i \ is that tin? K* 
1\L F. is not very greatly alTeeteil by fln^ M»lulion; a eertain metal 
gives about tlie sauM' lasodi in om* ebloridi* us in aite>tber. and tin* 
same is true <d’ the bromidt‘s ami iodides* In Irddc* K, I have 
givmi fin* K. !\1. lA obtainet! by substituting dilTerent invfals for 
the/.immn a Itaniekf-* eidl, but tln^si* nyults being fr<un only otut 
serie> td’ <»loer\atioii-*^ are pndaibly not so reliidde as those in tin? 
prt‘eed!ng fabloM. 

in the reniainim»” tafde I liave eolhaUed in (*ondenM‘d form tln^ 
primdpal faets in n*gard to Imiteries in wlntdi rane is umm! as tin* 
eleetro po-dti\e material With the most impoHant elergro. in*gative 
or depolari/dng materials. The faets in rt^gard to tmdnllic* /Jmg 
whirh tndd gtHnl in nil eases in wliieh it is usetl tno matter what 
the of her material isi, lire given on a hori/amtal line with zirie. 
n<d(jw this the fuiUs in ri»ifard to eaeh imilitmlar eondanution are 
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given opposite the depolarizer. For example, the data of a zinc 
and chlorine battery are given on a horizontal line with chlorine, 
of a zinc and nitric acid (Bunsen) battery on a line with nitric 
acid. ? 


TABLE A. 


E. M. F. produced by difEerent Metals in Combinations with Free Chlorine 
in Solutions of —, 



Magnesium 

Chloride. 

Zinc 

Chlor¬ 

ide. 

Zinc 

Chlor¬ 

ide. 

zinc 

Chior- 

Ide. 

Hydro¬ 

chloric 

Acid. 

Com¬ 

mon. 

Salt, 

.Aver¬ 

age. 

Magnesium. 

8.83 2.65 

3.05 



3.2-3.15 

2.85 

3.1 

Zinc. 

2 

2.20 

2.13 

3.11 

2.20 

2.18 

2.11 

Cadmium. 


1.04 


1.8G 

1.08 

1.03 

1.0 

Aluminium. 

1.75 

2.04 

1.8S 


2.02 

1.08 

2. 

Iron.. 


1.00 

i.no 

1.5 

1.67 

1.(58 

1.0 

Cobalt. 


1.43 

1.43 

1.41 

1.50 

1.45 

1.43 

1.33 

Nickel. 


1.33 


1.27 

1.40 

1,33 

Tin.,,.. . 

1.50 

1.70 

1.6 

1.57 

1.6S 

1.(56 

1.61 

Lead. 


1.(53 

1.62 

1.60 

1.(58 

1.(55 

1.(53 

Copper. 


1.31 

1.30 

1.20 

1 .:r7 

1.34 

1.32 

Silver. 


1.11 

1.12 

1.13 

1.15 

1.10 

1.11 

Antimony. 


1.20 

1.33 

1.25 

1.25 

1.08 

1,22 

Bismuth. 


1.20 

1.25 

1.20 

1.27 

1.10 

1.21 


TABLE B. 

B. M. P. of dirterent Metals with Free Bromine in solulifjnw of 



Magncfi. 

Bro¬ 

mide. 

Nlckiil 

Bromide. 

Po UN ft. 

Bro- 

mlthi. 

Hydro- 

Bromic. 

Acid, 

■ MugntiS 

1 Br'midt* 

1 vvciik. 

1 Avitiuge 

Magnesium... . 

Zinc. 

Cadmium. 

2.55 

1.84 

1.6 

1.5 

1 

2.45 

1.78 

1 54 

2.51 

1.H2 

1 62 

2^7. 

1,70 

1 Kn 

l.Hn 

2,56 

1.70 

Aluminium. 

1 4B 

1 Aty 


i # w 1 
1.6 
1.33 
1.13 
.04 
1.27 

1.58 
1.53 

Iron. 

1.25 

1 n? 



Cobalt. 

1.1 

A. U i 

1 • 26 

1.3 
1.05 
.85 
1.8 
1.33 
1.02 
.95 
.8 
.92 

Nickel. j 


l.UO 

Q 

l.OO 

Tin. **’1 

• o 

1 

.o*>—.O 

.0 

1 8 

,87 

i Af" 

Lead.. 

•1» 

1.4 

1.05 

1 07 

1 88 

X.25 

"i AO 

Copper..... 

Silver. 


l.iW 1 
,06 

QA 

i . Oti 

1.01 

AW 

1,28 

.99 

1.03 

.98 

.07 

.92 

Antimony. 

• w 1 

.99 

.02 

78 

Mi 


Bismuth. 

. 1 0 
.0 

. i i 
.06 

.87 

.88 
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I*'t)r cuiivciiii-iHM- the tulilf is (livMi.-d into two parts; tlie left- 
hami si.lc f.uifains th,. pundv scioiiiiiic (iata. aiul the ri<>-lit-]iaii(l 

poi'lioii conlains (he practicitl facts. 

Ill tlic tifsl CMltiiiin of the lirst part is oivcii tlic clieniical syiii- 
h.il- reduced to a coiiiinun basis, anv otic of the expressions Iieiiia’ 
cheiuically epuivaleiK lo any othiu-. h'or exaiuple, one-half atoi'n 
ot zinc i.t Ziii reipiirc:- one atom td' chlorine (Cl), or one-half atom 
of o\_\i’cii i t ()i, or one third niolccuie of (dironiic, acid (>.,0..), 
(It one -ixlhid the mixture id one nioiccule or potiissiniu hiehro- 
uiateand sevoii mideculesof sulphtiric acid(' | K.,('r,,( C-j 7I1,„S0| |), 
iitu! <‘n. 

In fin* I ^ivn Ilin rlunni(Nil (‘(juivnlinits which 

urn (hn |»rH|HtriiHnc hv wia^’hl rviiuirnd of tin* <!inVr(*nt nm- 

1 iini i s wln’fi vv<’ tisc n'l’ninnins zinc (Innlrnn'ini 

hrintr :n >n a: nm* c'rainnn*), wr rtMjnin* uraniincs of 

<*hh»rii}r, <»r .‘f.'I. I ‘/raiHnn’r of chminic :nh<h and >n on. 

Tin* third nolinun cimtain> ihn nlocfro-nhoinir'al im jni\ahnits, 
w hinii arr rc-allv rxanflv fho same atni dirrnllv |jro|)orfional to 
l!n* CMiiihiniii!' wcic'hf- ifJ tin* jtn‘\ ion- tadunnn hiil am roiluctai 
t‘» ati chaCrln ha i ;o many inilliirrann*'- |n*r noiilonih. To 
noiiMat file o licairo in!*> ci’aminof-* |M‘rainjH‘ro hour ainijdv fnnl- 
fi|dy hy hs'fc 

In fhr fir l ic»lnmii of tin* onond pari of fin' tahlo i> «»’ivcn the 
IT i\I. !*. ol c'arh I'oinhinaf inn, aii of whioh wilh tlna exception of 
oxyicni, cadplmr ainl wnlor nrr iloiorndiinai hy cxpcriniinit. tno'Ct 
of ihoiii hointr wi‘il known :i.n«i af'noptrd va.lnt*c. In l!n*(*a>cof 
i»xwto'n, itlpljur Mini wafor iIh* IT M. \’\y (xiicnlahMl as cxplaiin‘d 
aheAoain! ii iimto!} niunj for otanjairisom No rtdtfal hatli*ry 
4a»rri‘s|Hr{niin.p' to fin*,a* malorial^ t*xi>.ts.. 

In tin* nnttnci o‘diiinn on fire ritrhl liand side, is oivi*n flic 
nnmhrr ni poynd of /Jtn' rotpiircd |H‘r liorsi* |H>wc‘r hour in tlii^ 
('a a* of oanh oomhiuai ion. fTn* cxaiuplo, a xinc. ami copper snl- 
pha!<* ihfaidolli !aaHor\, rotpnro^ I.si; p(,niMds cd’ zinc per horse,.c 
pounr hour of nlmfrioal ciicrtyv prodneed. 

In I ho no\! {'tdiimn I irivc tlic Wadcht of d{*p(durizcr rtnpiinal 
por hf»r o pouor h-nr in fin* (%a>i* icf each octinhinatioin For lax- 
auiph*. a haf{o{’\ I’otpiiros heia of the inixtiirt* of thrm* 

part- of pota ium hit*hronmfi% and >cvoii |mris of sulphiirii'a<dd, 
whirh isahoiH tlio ordinary slroiitj: Inchronmtc solution for porous 
ooll hatforios tM cour-^o the wrttef rcijuircd for tin* stdution is 
not oon*-idcrc»i hero or hi itny of the rdlnm ligiirt*s of the fahlcs, 
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.. - 

is about as uii tlit* ele(*tn.»»|i<>sirivt» jf j.^ 

long as water is |»re.seut. Kveit in tin' cum' ..f zim- it - atlinit v"r','' 

oxygen is gTcater tliiui tinitef hvili-ugrt). it i-flicivtMtv l'"' 

tolerance, so to snenk, (hut zinc rcniain- in d,. , . ' 

of water. If it is nut jiroin-rly aniaig.iinai.-'l, if 

is too strong, local itcfiuii ((ccnr. It, lii j, ,,[■ .jj 

use anymore electro positi\i' metal tin-se tr.iiii.!,- are a""i-i\'Vi "i* 

with magnesium, for example, there are enl', \,.r\ I'.nr /ihni" ' 

in which it will staiiil without great ioeal ai'tl.oi, ' M.-fil, ,,)■ 

higher power, sncli as smliuni, eiintmt he ii,ei| m a!! ia pc,. , " 

of water. Jahlochkoir has. 1 helieve. made eell, „ jp,,!; '’,pp''' 

is used with damp cloth, hut this can hardh h,.. m 

water. ‘ ""nieoa,. 

The proper way_to us., m.-tais of great chemieal ..amw would 
seoui to he with li.iuhls which do nut coniHin .ain osv.',|.|| i ,,, 
imfortunately such s.dulioiis are not g.-neralh guo’d .■,!,nln,.mr, 
Auother possible plan is to employ u fme.i e|eefr,.|ue. hm thi' 
involves the serious dit!ietilt_\ of mainiaining it ii, the'lined t n,. 
bo tar as I eati s.-.', zine i -a veiy salidaeiMin podtive m ,ie’ri ,i 

An.;o.ini a .-i.,,,,..... 

Hill. II ,t KNlll,.,,.Mllv K I .,,,.1 I, , .Ii,.,, 

to eoimsioii than almo,st an\ other metal; ii i. aP,, ‘ r t 

llie electro-negaln,' materials ou f|„, ,,, 1 ,,,,. i,,,,,, , “ 

more to he di'slre.l. They are gen.-mily exj.en-ive! 4 
some to ham le, u.ni iutro.iuee that .pmli,, ‘' 
winch m, other nanm can h,. applh-d. ‘nd h hiel i., !^ 

JUOSt serious ohj.'etlon to halt,.fie,. The eleel,-.. neg.,fi4...'w ill 

easily he made to give loti volt .. m ' duianio eaa 

toil ti.,,,,„,,,,i,,,„,,f...... 

l,„t „ 1,1,11,,,., ' ' ''"I" 

. 

"f K'-’ivur .. ■ 

power of eurrent. KhHi ceil wil ■ * 
wiui cull will g,v,. 
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than lialt an anu)h*e under nonnal conditions, lionee each cell 
furnishes half a Nvatt or about b50() cells to the liorse-power! 
iliese cells would, Iniw^evcr, i>’ivc that po\wer for a long time. 
I>ut l lie I act rcMiial ns that this very large nii inljer is re(|iiired to 
prodnc(‘ the [)ow’er wdiich a dyiuuno not ninch larger tliaii one’s 
hat wdll gene ratio 

in ('oiad iision, I won Id say that I ani l)y no .means a skeptic in 
regard to (dK‘mi(*al gemvrators of electricity; the possibilities are 
very, vi?ry great/, as I ha\'e shi)wm. J>ut these possibilities do not 
seem to hava^ beim brought to reality in a very perfect manner as 
yet. lint baittndi^s, manj in tluj impind'ect state in vvhicli tliey 
exist to-day, havi‘ tlndr iisetnl a.i.id li‘gitimate function. A Le- 
clani'lio ('cll is (‘XiXMMlingiy wail ada])tiMl to ringing electric l)ells 
iiitin-mitbntly and to tel(‘[>hone woii<, and gravity ))atteries have 
long don(‘ good setw’iee for biegrapliii' piir|Kjses. 

Ihit wlimi it collies to diwaioping any canisidera-lile amount of 
actual powau*, tian tin* limitations become apparent. When w'c 
rmieinbei* that battci*y (*h‘(*lricity w ill (*(*i'tainly cost in pra,ctico 
ho (‘(‘Ills pt*r liors(‘ poW’(*i* hour, siiu'c* the mat(‘rials alone cost 
20 <*ents, and that dynamo (*l<*(dricity only (*ost 2 (*ents ])er horse- 
pow'(*r hour, the claims of sonn* primary bait(‘rv (itntric lighting 
promott*r.s show' up in theirtrm* ligiit. As a luxury, of course, 
it makes v(‘t’y litt le dill(‘!*ence w'liat it costs, but e\'en then peojilc 
soon tin* of paying very high prices for thaf; kind of a. luxury, 
hor sniail el(*cfri{* lightingand small power in si)e(*ia,I cases bat- 
ti*ri<*s aia* us(*rul, particularly wdieri* no otlier source of current is 
available. A physician or (h*ntist to wdiom a horse-|>owa‘r hour 
may be worth hundri‘ds of dollars could almost alTord to use a 
chloridi* of silvi*r battmw and throw' aAvay the silver. 

Mn. (hiooKiui : I do not. w'ish to be understood as entirely 
sk(*pticaJ in the matter of pi-inmiw batteries. As 1 have said, the 
|)ossibilities an* almost inlinite, Imt there are certain facts wthich 
cannot ix* ovr*rcoinc, wlu(di might as wndl l>e looked at straight in 
tlu* faei' in the bi*ginning, as after the conijiauy is formed and 
tin* failnn* oiamrs. Iliere arc certaiiilegitirnate applicati(>ns of 
[irimary l>att(*ri(‘s e\‘un in their prcisent state of iniperfection. 
For exa/mple, tlu* l.{‘cdanche hatteiw is very safisfactoi’y for ring¬ 
ing eh*(dri<* ladls and for telephone wmrk—wm do not need a 
dynamo for those* pnr])os(*s—ami even for small power uses, 
altlumgli I have not yet seen the Iiatteiy which wdll practically 
gencnitc:* elcjctricity for actual I'low'er, purposes at a reasonalde 
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price. As a luxury a batteiy can l)e used, ur lur sonic 
special purpose, like a dentist’s or a [dijsieiaii's work, wk 
horse-power hour may be worth There one c^onlil • 

to use tlie silver-chloride battery and throw away fla* s 
(Applause.) 




Dii. A Loses :—I tliink that we are very miieli in<h'Iiti'il to 
Crocker for his ahle paper, aiid we cannot too iiiyhlv latai 
e.\|)enditure ot time, tlie enerfj^y and self-uhneii'afion thnofi 
pieparinga paper of that character for the In.stitnli*. 'I'hcr 
some (picstions he will permit me to ask him fhn! will leii 
otheis, and in that way^ t<t a nsetnl dehatf*. I nofiei* that in 
table JJ yon have use(i chlorine, hromineajid iodine for tlu-1 
elements thjit you comhine. Why did you select thoM> vv 
atomi(^ weights are perha])K k'ss accnrat<dy detorniitied, and w 
are not a.l)sohitely considered as elemental in their eliara 
Why did you not, perhajis, take oxygen or even enrhun foi 
pnrpose^ 

Mu. Cko(;kkk:__I„ the lirst place, as I have niu!. oxygen | 
and sinn)Ie, does not comhine diretdiy with zine in a hntlerv. I 
oxygen will dissolvu! oidy in the sohi'tion to a very limited’exf 
ami it would, of course, la; jaissihle to use it, hiit only m a i 
dycate way. Whereas, hromine, chlorine and iodine will fn 
dissolve in the solution and thus can he imictically used in 
elementary state. So far as the elementary eharnefe’r . d' lu-oin 
chlorine and iodine is eoncerned, I have never heard it ipiesti,, 
I'olore. If you mea,u that all so-ealied element,-, are not eleme 
ami that hydrogen is really the only element, whv, then, 
course, these three go wh,h the others, hut, so far as I’know.l' 
stiuid oil the same basis as carbon, o.xygeii ami I he rest; a 
furthermore, they constitute a series, or I’amily, .,f ehem 
elements. The results olitained are inon* clear lin’d more iiep 
five when a series of elements are used than when \,m lake, 
merits at random, such as the acids for instnnee, \\dii,di are 
exactly on the same basis. The real depolari/ers are usi,„ 
elements like ehlonno, hromine and iodine, (’hr.mde acid its 
IS not a depolariiier, it is the oxygen it contains. In that c, 
It rnay he said that oxygoii is cmployeil as a d.-pohiri/er hut 
IB not free oxygen, it is in combination with (diroiiti.le ..xldc a 
tlierefore the question is complicated. It is, Imw.wer peidVc 



nisGussiom 


m- 

|)(>ssihlt‘ to these same principles to any other chemical 

eenihinatioiis, !>ut it nuikes a more difficult problem, and the 
results are less clear. 

Dio Mosiss: Tht‘ ti<i;ures are very conscientiously giyen, and 
the stateuuuit whi(*Ii Mr. ('rocker makes that he puts down here 
a negative (jiiantity siiui>ly because his galvanometer shows it, is 
a very ac(a‘|>lahh‘ statiunent, because he shows what he gets. 
Even the most inae(*urate observations or results, if the methods 
are given, prove of tMjual value with the most accurate, as we re- 
colle<*t in th(‘ (aiseof \hunjuelirds analysis in the beginning of this 
century, though doiu^ in the most imperfect way, according to 
[jresmit nn^thods, ar(‘ Vin*y valnalde, because he gives an account, 
of how la^ diil it. but there is a series of facts that are brought 
out by an ins[H‘(‘tion of the table and that rather tend to point 
to tlu‘ moi’ul that (‘hlorim^ is itself not an element. I would like to 
reeall Mr. ('roeker's afientiou the fact that the very discoverer 
of ehloriin* (l(Uihtr‘<l its elemental character for a very long time, 
aiul it is tn day a, nmoterl question wliether it is a simple ekunent. 
\'ou have in that tahh‘ a series of comparisons in wliich you find, 
with but otuM‘xei‘ption, tliut the detennination is less than the 
eahudaled iuua 1 will rea<l them: 8.24, 8.1; 2.9, 2.11; 2.19; 2.3, 
2; 1.T:>, l.d; 1.81, 1.18; l.oT, 1.48; 1.71,1.61; 1.76,1.63; 1.4, 
1,82; 1.2o, I.ll; 1.8, 1.22; 1.3, 1.21. That shows of itself there 
is a <*i*rtain law thi*re; it shows that perhaps you should assume 
a lowor (duunicnl equivalent for chlorine. 

Would you idso Uhl us why you prefer not to determine ac- 
(Uiriitely tlie amount of wafer tliat you used for solution? Don’t 
you find, sima* wafer is tsssential, that its chemical equivalent and 
its relations to tlnmsulastances in sohition should be just as 
nitily def(‘rmiiied, though we arc inclined to considei a solution 
is not a vhemieal (umdunaf hm ? Still, for these purposes the ele¬ 
ments go through (*ond>i nations through the solution. Theiefore, 
why iNidt it «‘.-M*ntial to flilernriiie the water ? 

Mm (hcH Iv!‘;h : dim water is merely a medium for the action 
to tak<‘ idace in; that is really the chemical fact. Of course I 
jHit thmas in the case of the weights, about bow much 
waUu* an ordinary solution would require; but that really would 
tniuahv gm*sswork. 11m best you could do would be to find 
wlum youobtaimM thc^ maximum results, and that would be a 
very (lifficmlt <iuestion, but I find that it makes very little difier- 
in (‘ka*tromotivi» b^rce whether a strong or a weak solution 
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nil ,;f, <*i‘rlaui (*oii. 
<' ;jli ktiow 
nu*l \val<T of ti 

Ha- ifn*rr:i>i‘ {Ju» 


is used. It dees make some diirertuief-. I’jn. >n'oii'o.r f|p 
solution, the less the eleeiromoli\c furor. 'flj,, dilh-naiee 
amounts to about :> don or I In t»f a vnli. d'h;. j., iH.eaii>o 
is nu>re tendiuu'v f(ir tin* metal n»m» in.umni.ai u hoai fia. 
is weak ; wlu'reas it the solufiuii i> alroads uaridirii if jj.j^ 
affinity lor the metal. That is the w a\ I e\plain flie fart | jjj 
tended to hrin^a’ <ait this point in mv |>aprin dm if involves 

another series of (‘Xptna'nieuts, and fla* ma-. I ii;,vo eiven were 

all tliat I had time to undertake. 

Dk. Vaxi)i.:i; Wkm.k; Is it ii,.t tiic la.-t cai 

(•eiitratidii nf a sidiiticti ^-iv.-s tiii' Ira-t n-.i,.|aiM'f \V,. ;ili 
that, fur instance, a inixtiirc cl' .-iiipiiiiric ai’j.i aial MaliTcf •] 
certain |>r<)|>(irti<m is the I,,...:! cuiMinc[,,r. If «.■ i,.„.iva>c thi 
WJitcr or the .siilj)liiiric aci.! i!i,. n-.i>!:iiic.. i.cMitic •..■r'-aicr. 

nicanlinic, .Mr. rrc i.lcnl, uiii.'c I aiu tn., I c-,iinot 
Iniin froni i.ayin-' a co!,i|i!iinc!il M.r.( ivi,'k, r'.aj,j,l:iii-.c)f,,r 
Ins very nscfnl laiior. h wa ; jn t t!.. liiin,. (fi.n ..v.a iiccilcd, 
tnul 1 rejoice that the yotiny man m.e, in tlm riaii: liiroenoii It 
is an invesliy:,tion i,, which i had i.eeii . !,;.a .vd m w elf .dine 
years ayo, intending to |inhli-h oine d.im, !„,! Oi inc, in¬ 

tervened and I lound the tiehl ,,o e\len iM- l!mt [ de paired of 
inakiiio-it its eomplef as Mr. Oroelu-r iia d-ne. , pj.iam.e.i 
I wi.sli to make one remark ahoiit tim fiineiion ,,f water in the 
I'jpp. 1 wntil.l like to hoar Mr. rroehm' opi.iion ahont a 
widely adopted theory that the uaier i the main nmmf In the 

,’d.'! of fie- water whieli does 

tlapvork; that the oxvM-en of the water eomhitm- with ihezine 
and thathydrou-en is developed, and a kner I formed w hieli is 
heeunseot polarization,and in ord,-r to eei ri.l of that ludronmn 
the (lepolarizers are ai.plied. I would like to hear Mr. (’V.ieker’s 
Opinion tihoiit tliaf theory, 

Mm(po(!KKii: As re-<-ard;s the funeiioii of )!„■ water in the 
hiittery it is one of those metaphysieal point. t l.au'dner , 'I'l,,. 

water may act lunl o-iv,. o.x^umn. The In.lroe,.,, n.av .-ive 

lij' tile o.xvfijen on one .side and (urn around mnl i,,,' 

otln‘r ,snle. ho Jaru,s I eiu. see, it i,. water .all t!,,- time. It Ls 

not epuio'ed, and it acts ns a transmitter ; ih.at i- the ... it ,|,„.s 

It acts a.s a velncle, Ih.t after the aci,.,, i, ,.ve,., .hm-e i- i,,-, as 
un,ehw,itcC.l,enma,stl.e.aMVn^ lado,a-, i, ha ew.po'raled'- 

Ht.d ,n l,i(pso,,,eel.e,,,i,.,,l a,dio,,.s invoh,.,l i„ l,.„,.,,.ie. pn.dnee 
■" tl'Hf case there wonld he n.o.-,- water at tin end of 


I'mimtf n:*.~ 
pkfihM*! hu’ 
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tlie aetioii tliaii thoxj was at the beginning. Therefore, it could 
hardly be said that it was used np. Furthermore, tlie action 
would take [haee exactly the same in tlie anhydrous state, when¬ 
ever it is possible to get that state. For example, with a fused 
salt the a(*.tion is exairtly the same. The zinc would combine 
with chlorine in fused (diloride of zinc, as I have myself proved 
by experiment, and wouhl give substantially tlie same electromo¬ 
tive forc'.e as it do(‘S in tlie ju'cssenee of water. Water is merely a 
means of getting a Ii<inid conductor, which it is necessary to liave 
as an ekadrolyte. An eleidrolyte must be a liquid, and you can 
olitain the liquids by fusing a solid electrolyte, or by dissolving a 
solid eleifrolytix Therefore 1 alwiiys look upon the water merely 
as a nnuins, or medium, in wliicdi tlie action takes place. 

Dr. Vanorr, Wi-o'Di*::—Ihit the question iiaturally follows 
that ithhe ziiie is (>xy<lize(l by the oxygen what liecomcs of the 
hydrogmi at. the point of e,ontaet with tlie oxygen? Tlien tliere 
is mort^ tlmn a mere vehicle. W^e see that the hydrogen is deveh 
o))ed at th(i platinum or silvm* plate. ^ 

Ihcm. Nmnons: - t would like to supplement Mr. Crocker’s 
statcnuvnt, hy an ohsm*vation in relcrcnce to tlie hehavior of iron, 
and 1 presume wind; is true of iron will he true of other metals 
whi(*h form two salts. If you take iron and platinum in a solu¬ 
tion whi(*li will [irodnei* a. lerrie salt, ami let the cell stand, so that 
the iron in solution Imh/ouk^s surroundcal with a film of its own 
salt, tlum tlu^ lorrie aidioii will gradually (*ease and ferrous action 
will take placax Alter the <udl has stood, the electroniotivo lorco 
will rise about onc‘difih, and you can instaiitly restore it to the 
condition it had at. first. It you take a ])orous cell and separate 
tlie iron and platinum, put, tlu^ oxidized solution in connection 
with idatimim and thmi around tlie iron something which will 
l)r<Hln('e tJu* fma-ous salt, you will liud tliat that battery lm,s about 
one-fifth more idiadromotiv'e force than in the case of t.luj lerrie 
coiiihinatiiim It siamis as tlu-Uigh a more Buccessful liattery <mglit 
to Ih‘. made with iron iiroducing the ferrous salts. l"ou gain al¬ 
most enough io make up thiMlillhrerKHhl^ 

])ut the ladiaA'ior oi iron is very uiisatisiactory, and tlie reasons 
for it an^ not always very (dear. It seems as though ofientimos 
it was due to the formation of o.xidized films wliicli run the 
resistance of tin* ladls up to an enormouB heiglit. I have kiiown 
the r(‘sis{.an<*e of hiidiromate culls witli iron positivuj plates to nin 
up to scvm’al hundre<l ohms in the counse of an hour or so by tlic 
formation, apparently, ol an iTiBohible him of some form of iron 
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■winch was almost a non-coiiductor. iron, if worked out 

patiently, might give us a very cheap metal ■for a jade of a bat¬ 
tery which would reduce the cost of galvanic electrieitv very 
'COiisi(lera]>ly. 

Dk. Vandek Wevde:— I want to say in resi)eet to silver lyeino- 
an electro-negative, that Mr. ('Jrockei- is pei-feetly right in that. 

I>K. Moses:-— The remarks of Trof. .Nichols recall to my mind 
■some experiments which he i)erhai)s has overlooked, hut wliieli 
he made quite a munl)er of years ago, in which he used, if my 
memory serves, zinc in a sul])hate of copper solution, where the 
change of temperatures produced considerahk- variations. I 
would like to impiire whether that was not due to the formation 
of salts of varialde soluhility annmd tlie electrode. 

Mi{. NmnoEs:—It might vei-y easily he. 

Mu. M.vii.i.orx:—I would like to ask what ai^pears to he a 
somewhat pertinent (pustion in view of the disci-ei.aiicy ohservod 
l)etween the calculated and determined electromotive force, and 
that is as to the standard which Mr. ('rocker used; what value 
he accepted for it, and upon what autlmritv, so that we may 
know what kind of a. volt lie employed. 

Mr. OimcK Eli:— That is an important point, of course, hecaiise 
everything depends upon it. I used con.stant Daniell cells, two 
independent ones set up separately, witli (diemically pure’ sul- 
fihate <d zinc and sulphate of copper, and (diemicnllv pure 
metals; the solutions were half saturated. d’hen I 'further 
checked the results hy two electromotive forces which I hap¬ 
pened to know ami had previously determined very many times, 
and those are the liromide and th(‘ iodide comhinaliou of zinc! 

1 he former comhiimtiou in itsidf is ati excellent stamiard cell' 
that is, frc<‘ hromine and zinc. It gives an ideetromotive force 
of l.if) volts. That is the result, 1 supposi-, <d’ a thousand ex- 
],)ernnents carried on with a certain ohjei-t. Therefore in .mi,,,, 
through my experiments when 1 came to th(> coml.inatioirzitie- 
bromidoatid found that it gave an electromotive fmve of | 7<) 
volts, I felt perfectly at home, hecattsi. 1 had lietm there so often 
hcd.ire, and it ciirrohorated hy standard. I'hoti the comhinatioti 
of zinc atid <‘hlorine, 2.11 volts has also heeii vc;rv freipieiitly de¬ 
termined. In the case of the Upward (zinc-chlorine) hatterv, 
which came out aliout a year and a half ago in Unglamh the puii- 
hshed electromotive force was 2.11 volts. So there were several 
eorrohorative facts. So far us my experience goes, a standard 
.Darnell cell does not vary very much in electromotive force. 
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Tii<»5is(»n would like to imy just one word on tliig 
subject. It lias lieen jirobably a common experience of those 
having Daniell cells in operation, that, if the solution is not 
kei)t up to a high degree of strength, oftentimes the upper 
part of the (*o|)i)ei‘ will be eaten out, and an electi’olytic deposit 
of the co])])er made in the lower part of the cell where tlie solu¬ 
tion is strong; or, in other words, here is an indication of a dif¬ 
ference in tlu‘ volts which carries on a sort of plating action on 
the copiier plate itself. Whether this lie due partly to the effect 
of the acid, or that the solution comes through from the porous 
cup and floats on to|>, (*ausing a difference in the electrolytic con¬ 
dition of the tlui<ls alone, setting ii]) current, I do not know. 
But it recalls to my miml an observation several years ago on the 
elfec.t of simple luaiting of the solution by putting at the lower 
[lart of a test tubc^ a little s|)iral of copper wire and carrying out 
a connection by an insulated Avire from tlie spiral, filling np the 
test tube i>artly with sulphate of (‘,o|>per solution ; putting another 
little, spiral iumiv the top of the fluid, and then heating, we find a 
(liffenuKaA of voltagi*, and it amounts, 1 think, to something ov^er 
oius'lcnith of a \'olt, or rather, something over one-twentieth of a 
volt, if I nmuunhm* the result of tlu^ experiments correctly ; show¬ 
ing that a solution of the cop|)er will take place in the liot licpiid, 
and a d(‘i>osii ion of tin*. c.op|)er in the cold li(|uid. In otlier words, 
thi‘. hot litpud is tnori^ of a solvent than the cold, although it is a 
sulphate of cijpiau’ solution tliroughout Whether Mr. Crocker 
has talnm into a(*c<uint the teniperature of tlie solntions in inak- 
ing th(*s(^ tests I do not know. 

Mu. Cko<'ki*:u:- I made the tests at the n<n*nial temp 
It did not. vary a degrees from bS; 1 do not think it varied more 
than thria* or four degJ’ves. 'What JVof. Thomson says aliout a 
hot liquid giving eh^iaroniotive force with a cold liquid, as it 
winxa is trmt. In fact, Mr. Bradley lias a battery which Avorks 
<m that j)rin(^ip!c^, giving (jnitcnvn force; I could 

not say (‘xactly whatjmt <iuite a fraction of a volt, and it de- 
p(‘nds,'to a cmiaia (‘Xtent, u])on the heat of the solution; and that 
is a v(‘ry iut(*ri‘sting and possilily a productive field for inves- 
tigation. 

Buoc. Tuomsox:— There is anotlier point and then I am 
through. It is probably well understood noAvadays that all the 
ibmnents arc not to lie considered as real elements as we find 
them. I do not mean that tliey are decomposable into hydrogen, 
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altlioiigli I think that qtiite i)ossi])Ie, and piM-haiis ev'cni to a far 
more priinitive eondition tliaii liydivigen, if wc could forces 
wdiieli we liave not at liand—I mean tiie celestial forces. 1 mean 
tluit eacli particle of copper knoAvn to iis is a coiid)inatioii of 
copper with coi)per; that the atom really forms a molecule which 
IS a real eom])omHl Two atoms or more atoms may he found 
iiiiitrcd, l)nt it will certainly talcc something to decompose these 
molecides, even thongh they he comhiiiations of the same atoms. 

I am struck with the results ohtaine.l with ahimiidiim in tlio 
work of Mr. ('rocker. We find actually that this metal, so hard 
to get^at, is really cajiahle of giving an electromoti\'e force-less 
than zinc; so that it would seem as though hy the proper us(^ of 
zinc in some way or other we might separa'te aluminium. In 

other words, its electromotive energy is very .. less than zinc, 

and Ill some cases not very miicii diirerent from inm. In the 
recently developi-d reiliiction id;' aliimiiiiinn we timl that carhoii 
at high tempera,tiire reduced if with comparative facilil\', and it 
may he that after all, we have only to find, something wiiieh will 
fliinlize or liipiify the ahiminiiim, and we would then lind that 
even common maferials like zinc or iron would se|)arafe from 
tlKiS(‘ coiubiiiutions. 

Mu. (hiocKioii: In regard to aluminium, the same thing struck 
mo that IVof. Thomson points mit. My mv experinumts alii- 
Hiiniiim is appa,reiitly less electro-positive than zinc. I do not 
think that this is actually the fact. I think there is some loss of 
cleetroiiiotive force which ocmirs. In fact the ealciilaJed results 
are higdier than those id'zinc, ami it may he that with aliimininm 
tiierc IS a, formation of insoliihli^ coiiipoiiml on the plate. I a,m 
(juitc certain tlia,t my id.served electromotive for<-es, althomdi 
they are the actual electroimddve forces given hy a good piece d' 
aliiiiiniiiim, are lower than the theoretical am'l lower than the 
j )<: )ss i 1 > I (‘ 1 edt; ri h n < > t i v(‘ f()!*(*(?. 

Du. Vandkk WKvi)K:~It may he us.d'iil to stati- here that 
twenty yeans ago I attempte<| f,, siihstitiite aluminium for plah 
mum III the Drove battery, on the. iirineiple tliat nitric acid does 
uot attack idatinuni. The result was negative. I got scarcely 
any current at all. It appeared that aimniniiim iiad not the 
power to deeom])ose the nitric, acid and in-oduce the nitrous ai-id 
fumes as with platinum in the Drove haffery. It was a very 
carefully made c.xperiment and inipressi-d me wry mindi. 


Ndtk.“ 

niimhfw. 


-Tlie r,f thr '1'™., wo ions of il... (ml will foU. «• in U„- („lv 
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Yuk (hi airman: Ihio next |>M|>ei* on our programme to l)e 
read is that on “ (Ym|>t‘nsa,te<l lit^sistau(*.e StiiiHlanlsA l>y 
Kilward L. Ni(*!io!sm>r (^>rm‘II 11 nivia'sity. 

It alTords im* tlm gnxilost plcxasiire to n.mmunec that our Presi- 
(kmt, Mr. F<hvar<l Weston, who ha,s been (piite ill, lias sufficacritly 
riH*ov(*r(Ml tt> Ik‘ witli us a.nd is now here, au<l that ho will preside 
imnu‘dialely afim* lumdi. 

IhcoK. Nieuoi.s: 1 woidd liknOu state that the experiments I 
am aJiout to dt\serilH‘ had tht^ir origin simply in the desire to find 
sound,lung tliat <‘ouhl he used for a low resistance shunt, or for a 
low {’(‘sistanee standard, and which would obviate the dithcnlty 
whi<di (‘/Very ehadricaan meets with in electrical inoasurementB on 
account, of tin* iidluen<*c of tcmpiu’ature upon conductivity. I 
suppose*, tluia* is no (’orrectimi which we a,re obliged to inake 
whicli is so tronhli*somt*a,s this one of the temi)erature coefficient. 
If it W(‘n‘ mi‘rely a. <pu^stion of change of the temperature of the 
lahorafory, wt* cmdil (mrre<‘t for that. We could determine onr 
(neirnamit and make tin* lunper correction; hut whenever cur- 
renl, Hows it heats the wire to a Uanperature higher tluin tluit of 
Ihe room, and in tin* east* of heavy (Uirrents this (lilferenee of 
tmnpiu'allire will lie a large one, and one which (ainnot hy any 
ordinarx* nu‘ans la^ a.ta*ura<lt‘ly didauaniiual; and so there is always 
an I'limiciit ol uncertainty in the use of a coil, tlirougli which a, 
current llows, and this has [iroved so serious, as doubtless many 
ef you kntwvmis to lejid to the discarding, for accurate work, of 
shun! nu‘tho<ls of measuring heavy currents. 
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ON COMPENSATED RESISTANCE STANDARDS. 


BY EDWAED L. NICHOLS. 


The electrician has few more troublesome corrections to make 
in the course of his measurements, tlian those arising from the 
influence of temperature upon resistance. Were the heating of 
wires due solely to changes in the surrounding air, the matter 
would not be a serious one. Such changes could be reduced to 
a minimum by devices well known in the art of physical mea¬ 
surements, unavoidable changes could be determined by the aid 
of the thermometer, the temperature coefficient for the various 
elements of the circuit could be ascertained and proper correc¬ 
tions applied. 

Since, however, heat is developed in every circuit in amount 
measured by the product of the current and the E. M. F. between 
the terminals, the temperature of a wire through which a current 
flows is always higher than the sniTounding atmosphere. In the 
case of heavy currents the temperature of the wire may be very 
high, indeed. The difficulty of applying corrections for tem¬ 
perature is such as to lead to frequent rejections of methods 
which would otherwise be of great convenience, and might lead 
to results of the highest accuracy. 

The discovery of a substance, the resistance of which would 
not change perceptibly under the influence of heat, would, it 
goes without saying, be of great value. Unfortunately all known 
metals are influenced in the same sense, nor has any alloy been 
found which is devoid of a temperatui-e coefficient. The ex¬ 
haustive investigations of the British Association Committee in 
this field are too well known to need recapitulation, and while 
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alloys ha.v<* l) 0 {‘ii rt‘(*(aitl 3 ' ]>i* 0 (lii(*e (1 whidi are miicli better 
than anyt iiini;' I hat (‘oinmittcHi was 5il)le to discover*, eveii these 
Ibrfeit nni<*h o{ tlirir ustdillness <ai account of tlieir low eoii” 
(luctivity. 

One sul)s(an(*e only, aiinnia' tin* solid conductors of eleetricitj, 
seems to oiler a, solution of tluMliHi(‘,ulty. Oarl)<>ii, as lias been 
shown by Mattlhi'ssmiy^ Sienna is, and many later oliservers, dif¬ 
fers froin lli(‘ nu‘lals in showing* a. <l(‘('r(‘a,se of nssistance witli rise 
of t(‘m|a‘nitnr(a Tin/ amount of this chan<i,‘e, which diflers 
widt/ly in tlu‘ <*as(‘ of tin* vari<ais a,rti1icia.l cjirbons, is eaven in the 
Ibllowini;' table. 

TMMjK 1. 

iNioainN('!': or -i’Cm lamATiau-; ucon a'lru itnsiSTANiac (>k vaiuoiis vaiukties 

OF CAUr.oN. 


(>nsiaiv 


Vari<‘l,y of carhoii. 


a\*nipcra,“ Meaiico- 
l.ur<i eiruaent 
i!il.(‘rvul. |)cr dci;’. 


W(u*rH;r ( 11 ^ 

An./ntl('/i, 10, , 

p. raio.) f 


(las Fa.rhoii. 

ia*css(Ml ;j;'as (’ai’hon 


0 lo 200 ‘ 
0 to 200"' 


{Ot>urn<(! dvr 
piistitHidwH' / dii/sikali 
Hchen (hsiOhi’hiiff, 0 , 

r>. ioa.) 

K(anl</iM ( W/'rih /tmrut'H 
Annuien, 12 , p, 70 .) 


< 'ha rcoal.. 20 to 2(50''' 

Anlhra, iio. 20 10 250"' 

(xraphite.. 25 to 250"’ 

Coke.... . 20 to 2.15" 

Cas carhoM (coarsf*). lHto200" 

(las (‘arboii (line).j IS to 200® 

( 'i tr ro’.s < ‘arI »o n s.| 1S t o 200® 


Muroaka ( Wit drumnti's 
ANiitdtu, 12, {>. aoi.) 


Paris r(‘n»rt ea-rhoMM. 

Arc Htdit <*arbons . 

Art^ light carbons.. 

C.auOoin'.s carlM Wis... 

Ka isia’ and rStOnn !< It’s car In ms| 
Ib/ilmann’.s <'arbons ....... I 

Ar<‘ 0 gl«t (airboiis .I 

SiiH*rian grapliib*.^ .. j 

Pfibcr’.s l<*a.d pcinal graphit(*.i 


.000245 

.000201 


.00270 

.00205 

.OOOS 

.00()2() 

.000285 

.000287 

.000221 

.000200 

.000405 

.000425 

.000415 

.000270 

.000240 

.000155 

.000729 

.000588 


dhn*. ti*mjaerafurt* (*ncdruaetd:, whih* \‘Mryin.e; wiilely tor dilb/rent 
caa*bons, is very in/arly <a>nstant for a ra,n<i-e <d‘ more than IPP de- 
ij;’re(‘s, in tlie <*ase, of any jgivmi specdnnvn. It seiimed [)robaJ)le, in 
view <d’ tins fact, that a, conductm* miight be (amstnicted, by com¬ 
bining; ca.rl)on with a nndal, in firoper |n*o|>ortioiis, in wliiidi the 
inilueina'of t(‘nip(‘rattir(mniH>n the carbon aanl thimn(d;a.l rcspei*.- 

Aufi^iNUf 115, p. 252. 


■*' MaJJlnicsscu. 
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tively would precisely eunriter1):iL‘in<'e eneh tluis siMMiriiio* 

to tlie coinI)iMation a constant rc^sistancci t li run, i^’Ih mi I a. coiisidia-ahle 
range of toniperatnre. 

The calcnlation of the |)rop<MlioMs nta'ossjiry to this rrsult, in 
the case of carbon, tlie cochlicient <»f wliii'h has ht*(aj <hhoiaained, 
and a given metal, co]>per foi* exani|)li‘, is \a‘r_\ siinpha 

Assuming that the comhinatioii would ht* sahjoi't to tins law of 
parallel circuits, no alloy being formed, and no (damneal <*omhinar 
tion lietween the {)arts taking placa*, we hasm for tier lotal r(*sist- 
ance 11 : 

] > I 

.'A,, A A 

where is tlie resistance of (lu^ nn‘tal and //,. tlu‘ resistama^ (rf 
the ca;rl)on. 

The ecpiation of condition, lor (aunphde c*oinpen at Jon will 

li,/ a; //,' 

I AV A^,, i ltd 

where It,i/ A^^-Atre tlie rc'sislaiaa^s <d the i*«>nip<MM*nfs and A^m'^ 
R^!\ tlIe (M )rn.ss| n >n(1 iiig i\ ‘sistan(ass at any other {etnpt*r;r{11 n\ 
within the limits of teinpm'aliii’e for whirh compensation exists. 

Now the variation of tin* r(‘sistane(‘ of a metal witli tin* fmn- 
peratnre may lie (‘X|)n*ss(‘d liy an equation of the form : 

(1 I 

where a and // are eoirlliidi'iits to he dirterndned hv iwperiment. 

In the case ol (*arl>on, tin? (*oel!ieienl n will lane a netrative 
value, and tlie e<(nation will laln^ the followimj; form : 

R/ : R,/ (I, ■ n/ t If I 

lietween O'" and loir tin* value 1 in the can* both of (‘upper 
and <*arbon is v(*ry small. A n*eent deterniination of the eo 
ellicients for eopper, imnh* in tin* ITysieal Lalioralorv of CJirnell 
University, yi<dd{*d tin* (*(piafion : 

Rm (.1 I ■ JtObSl) / I ,0000(10 17 /p. 
TInM!X|H3riments, wlnhdi etonred a ranee of foo , ;in* inctlo.si* 
agreennmt with tln^ r(‘sults pithlbbed hy Matthie . en. 

In the abov(‘(Hpiation, for/ loo , we ha\o 4/' /0H|7; If 
we negl<?c*t. the (‘ot‘j]n*H*nt 4 and tnlopl for fin* mean I'oellieir^nt 
h(3iween o and loo , w<* may wnt.e Idie eijualion in the sim|i|cr 
form, 

' ■"■ ■■ Rm fl -I' Jto:is-l7 fh 

whicli will give ri^snlts agn.‘<:*ing witli the (somjdeti* form at if 
and loo a.nd will havr^ a nmximtim m’ror, at bo , of ,noos. 
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and eai-l)on is sliowii grajdiieally in Fig. I, wliicli diagnuu will 
also serve to indicate the nearly constant vainc! of ' tin' tein- 
l)eratnre eoeffieient of those sid)stan(a>s. 

Ill eoinhiidng copper and carbon in such pn,portions tiiat tii(> 
resulting resistance shall he independent oF the teniperatnre, tiu! 
previously stated eipiation of condition, 

IC 

must he satistied. 

Tins equation will he satisiii^d oidy For a range oF (emperatnres 
throughout, which /Tf. is ncgligihie, in (he case oF holh suh- 

Ktanc'.es. 

_ For such a, l•a,ng(‘ of tenqxn-atuia-s we ha,vc, however, as alivnlv 
indiiaiti'd, 

(I i-i'ra /) 

A*/ (1-- C, /); 

where u,, a,nd c.,„ aie the coclKcicnts For carbon and .-oo,,,.,' re 
Within siK'.li iiiuits 

(I I /) /f,' (I o„ 0 

*^ I 'bn 0 I ff,- (1 (/,, /) ’ 

which is readily reducihh' to the Corni, 

na.iK iiK. .... .. 

vaiiet.y o| carbon m ipicstion, namely: 

-.Odds.(-7. 

.ooo2;!ri. 

AVc lind, 

/4. I 1.511 A’,,. 

Ill a w<.rd, we must use, For .nrnry ohm oF carbon, 11.;, (., 

‘'"IT'a- m onim- lo scwiiv coniph.|e <omp..nsation Ibr (cm 

.tim copper and carbon in such a. 

<a>mpcnsated rcsista.nce have ..ccurrcd to me as likely to -ive ,, 

^^1 -I t. .. imnsists in wrapping m. in^h,;..:: 

_wiH , ol tlHI niaassary risistanco, uiound the carbon and solder 
;n,h .s ends to the baaninalso^^^^ 

»H.thod consists'in nlixin'y (he 








pi-ojiiT iunoiini '*f .•..j.iHT in a lim'ly .livi.lml sinks with tin- jnstc 
i,f whii-li Ihf roil is III ho iiiailc, anil then niuhlini;':ni(l hiikinii'tin- 
(..irliiin in iho usual inaiinnr. 

Ill till' thiril ini-tliiHl, wtiii-h is fln'iuily onn which ! have iis yet 
,„1 arttial ti'ial. the carlMUi, liaviii”' lieen testeilsinililskan- 

.rllicirni ileiennineil, is eli'clri.plateil with Ci)l>|iel'. 

K\|)crienee i-hnweil llial ilie lihn iit cuiiiier necesssiry In cnnipen- 
siliiin wa : sn ihin as In he scarcely ailhci-cnl. 'I'lic inllnwina; 

cess was iheretnre suhinltlcii fnr Ihatnf cnatinn the entire 
surface. A (’arm carlmn nnn. in iliatnel.er was cni,|H!r- 

nlalcil fnr ahnu! .'> liiin. al each eiiil. 'I’he eiiils were then anial 
..••unateil anil plaecil in tniTeiiry eiips, which fnnneil I he terninials 
r.'f a Wheal-Inne hriiit'-e. 'I’l.e resistance nf the roll ha-vinc- lieen 
ii,, cnellicicnt hetween‘ilk anil inik havin- 

,iHennineih the Icn-lh neccs,sary fnr a cnn.iiensaleil resist¬ 
ance nf line le.'-al nlnn was calcnlaied. The mil was then cut In 
alhiwin;-' h nnn. at each cm! fnr tenninals 
The enih were heavily plateih ami were inscrte.l inin the emis nl 

cnni.cr mil;., which were carefully snhlcreil In the carlmn. Jhc 
r.,,1 wa.i then ,‘riven a cuai nf .shellac, anil, when .Iry, a stn,i nl 

Ihe varni. h wa;- reinmeil with a sharp knife. The ikrip laal l.are 
was parallel In ihe axi; Ilf the mil, ami e.xleniicil Imni tcrniinal 

t„ lerininal. Hs width wars ahmit 1 nnn. The md was then snh- 
,ner-vd in a plalinn hath nf snlpindc nf cnpi.er. 

1,7 (hi., wav a tihnnf enpper was depnsited np.m the e.vpnsed 
poi-tinn. which c.nnhined the reiiuired cledncal re.sistance 1 l.nli 
Idnn.s, with .-nlhcient thickness In render ,t tnunh ami a, hemnt. 
It was fi.nnd that nne cell, aelintt Ihmu-h nh.ns, 

wnnld dcpieit the ,■e,|ni.-ile uinnunt nf enpper lur a, nne nhin hat, 

When the almve prnees.s had bee,, eiu-e. 

lh,!lv carried nut. the md wa.s fnu..d in have very near y he 
p,.npcr tnial re.d lance aud In he nearly perlect in the matte, nl 
ci.nlpen alinn. if the md was ..ver en,n|,ensaie.b enpper wa. ,m 
nn.ved by camfnl c-aphrrf. If it was .nnh‘r.eennpenmted 
W.'W rentnved bv the same pimce.s.s. 'lhe.se lina m pr. nn n... e - 

.Pinned until .be md slmwed .,n percept,bh-cha.n.T-n - 

anec when heated tn luuA When the : 

„„‘ded as sa.isfaennw, the adjustment id tnPd i-M.st nu, v • 

7,ade hv re. vine ,l.e enpi.er idaUne 'l'^ 

l,,,„lia...',he mine hv renewed plat.in!i'. 1 his, it_ eaielull.v _ _ 

would "hrlmrlhe rmi In the pmper resi.sta.iee w.thnut nn,iu,,r.n, 
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the complication. Tlie rod, after adjust,uent, was well varnished 
and was inserted in a glass tube of al.ont 7 nun. intenuii di’ 
ameter. l]ii« tube was provided witli brass cajis, tbroug], ;vbiel, 
ae copper terunnals projected to a, distance of aJiont r> ei„ 
lese, after being secnrely riveted to the brass ca|).s, were lient 
thiongli an angle of 90- When thus mounted the resistanee 
rod presented the api.earanco indicated in big. 2. . 



h. file manner just described, f succeeded after a few trials i„ 
pioduciuga resistance-rod upon which the iidliience of the tein 
perature between IS^' aud-lon^' was eutirelv imperceptib e T J 
ohjeet being to test the method of compensation, am! not ti, pro 

ml was not 

-nted, 
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TlOMI'KItATUIUSS. 

lob-a 
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liKSm’I'ANcH IN 15 . A. OlIM.S. 


I.ddOU 

l.OdOO 

I.Odor, 

l.lldO.b 

i.nao.h 

l.n.'luo 


hor the purjiose of this ineasurenumt fh,. .• n 

hiken Willie the bath was cooliii-.' r "«-\weie 

I'crfect coiniieiisatiou throiiglioiit'Tlic raiKm ,.f teni' 

in tile taiiie. ^ ^ tcniperature given 

JLrt ... 

if ‘ ‘•'"•wigc nioie pnnnjitJy than the carliou 
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and the baljin(*i‘ will Ih' leiupnrarily def^truviMl. Whih^ ifi prutn'ss 
of liejitin^ from wilhout; iho ro„i;d;uH*o will lnoroa:^i‘ stoiiowltat. 
and while* <*‘>olinw l»y ra'liali<»n Iho rovorsi* idhH't will l»o 
iioticoahlo. 

In rods not niountotl in ylass and nnproloohM! l»y a, (‘oafitiir «d 
varnish tho>(‘ vai‘iation> an* very niark(Ml. dahh* 111, oniitaitis a 
S(d of n/adinnw niad<‘ iijHm snt*h a r«HL Tlio rod was rapidly 
heatnfl aed (‘onlod. and was inoasnrod HOond (inns during; tho 
rise and fall of (oniporaliiro. 'Idn* rtanjHni; alion was !n‘ar!y ooin 
plote, flu* nusni (‘uoHioiisiit hoi worn liiV' a!ul Inm' iHdii^ loss ihan 
.OOdn^, lad. tho rotl in (|no:lion o\hiihtod ioinpnratw variati«fn> 
when siiddeady luaitesd and (MHdiMh anionnlin,u’to nuna^ than iMio 
per canif. 
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(JumiK'n.-^uiol I'f. 

i, f a !H‘o ha we 

fiieli as ha-V(* 

boon dt‘soriht‘d in 


this l>a]H‘r, aiu* (*f ('oui's* lintiiod in llu‘ir apidieali<»n Uses in 
wliie.h (*a.rhon (‘taidiioior. art* adinisrdhli** Inn* standards td rosist 
aiua* I thl!d< they will leo huind osjMsoially valualdo. ddu* eon 
vo,ni<*n(‘(^ (d' having' a o<nn|>arisHn rosislaina* llu* valin* <d whi(di 
<*an lx* d(‘i(‘rndiu‘d onet* for all, and \vld(*h ean ilu*n la* nstnl with 
eonlid(‘n(*(a wiiliont, rottard to its ii*ni|H*ratnr(n oven in i*inanth 
wliieh weaihl heat (Uir rn*(liiiary siaiuluni etdls and modify thoir 
resislaiu'os t(» a, ludahlo o\font, will ho appro(»ialod hy uJL In tho 
(*onsiriK*!ion of low ro.' islanoo ? hnnts, also, the |x»ssi!nlity ol oh 
tainino’ a. eondindor w hiedi will roinain nntdianpal at all ordinaiw 
ien)|)(*rjitun*s, wludlior lioatod fnan without or liy file jiMssap* (d 
the (*urn‘nh will (un'inil, ns it* adi/^d \vitli eonhiJotiiHwiiie iiso 
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liigli-resistance galvanometeivs, witli low rt'8i,stiin('c .siniiits, for th,, 
measurements of largo cnri-eiits, even wliert^ llio uccura'cy 

is necessary. * ' ’' 

To t]io,scwlio,in the conrse of tlioir oleefrical work, Imvo f(M*o|)e 
daily witli tlie (|uestion of the iiilliiciiee of h‘iii))or:iliire iijioii vv- 
sistmice, iinmerons other :i.|>|>li('atiotis of coiiiiiensalcd rcsistaiico- 
rods will suggest theiiisel\-es. 


i)is{’nssi<>i\. 


Mn. WiiKEMUi:—] w(>nhl like Prof. Nichols if he has 

any oxplaiiatioii of the sudden droj) at alioiil twe,il\ (wu deg-ria-s 
centigrade. 1 wonid a,lso likcHo say lhat I'rof. d'homson called 
iny attention to the faet that a, har of this kin.i might he ma.Ie in 
senes by leaving the varnish eoni|>l<'le all the way aronial i(, then 
applying la,in|ehhick or graphitn, ami [.laJing on’ (his a eoiiiplete 
copper tribe, a;nd theii c<.nn<‘eting llnnn af one end so (bal y,,,, 
could semi the current through the <-a.rbon ami ba.-k Ibromdi’(he 
co[>j)ertube. 

PitoF. Nienons: .The only trouble is that il would be .lillicnit 

to get a small enough amount of V,,n re,,uin' eleven 

chins of cui,per and that means a v.-rv small tube 'fiiis very 
s ight change at ytf^Vnt.,, in my .,pi’nion, is not dne h, ineon'i- 
plete comi)(mKa;tion but to accidenlal causes. If, is rc-v dillicnit 
to entirely get rid of thenmM-urrents. If is perfe.ulv’ thinkabh- 
tJiat tbere niight be Sian.' Irregularity in fhe leiiiperalnre <-oe|li. 
(uent which would make the compensation slighliv incoinidele 
At inter mediate temperatures 1 <lo not Ihink il is n’oli,.eable. 

Ok. Moses: l!y what, niethml <|id ym, eledroplale your 

Tkof Nmuons: ! p„t it into a. sulphate of copp,.,- ball, 

Ok Mosms: I wonhl suggest that yon cmild avoid (he use ,,f 

Pamt by using cyanide .d’ copper solution. If would be adhereni 
and vmj dense. 

.l.'nn (y.rnmAN: Tlai h..ur for hinei, has arrived and I Ihink 

weimyy therefore, as well pre.-ee.l ..... resislmmes 

according to our va.rions staaidanls. (Pam-hler ) 

I vyonld Idm to anin.nnce that the'lirsT paper which will b,. 
lead immediately alter hiuch will be that by Mr. 'I’e.da. o,, allm 

n-p papm. P of a most 
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ASiossiuN, !\!av lOlh, Isss, 

I'in*: (>nAfi^^tAN : At n]>(‘niiii»; oi onr inorinni;* session, I 
1i;m1 in tliul tln*t)Ui»’h s<‘ri<>ussiekiH‘ss, (Mir I^rt'sident, Mr. 

Edward Wi*sl(nu who was uiianimoiislv oh‘rlod last iiii>’lit was 
UMahlt‘ in !k‘ pn‘s(aii. Mr. Weston has, howi'vta*, iiiad(‘ eonsiderable 
(dTort to 1 h‘ with us to day and ho (*onH‘s Imuh' iVoni a si(*k hod. 

1 think in suMairint!; tin* si^rviotss of Mr. \V(‘sl.oii in ||h‘ prosidtanw 
tlu^ Instituh^ has sotanaal oiu* whoso Intornational r(‘i>nta4.ion will 
Ihs of lH*!H‘til to it thrutii^ii (ho (‘oininu; roar. Tlu* Institirhs, as 
you ai’t* w(d! aAvart*, is a. .sooiiOy wdioso mondHa'ship is not nuuady 
oonlnuM! to Now York, hut oxhuids (hroii^hou! (‘vtuw stahs aaul 
torritorv (d' llu‘ uidtuo and inoludos today almost (*vi‘r (‘ountry on 
tins oivili/AMi Mr. Wostmrs r(‘|Mrtalion as an (*h*(0ri<ad 

onoinoiU’ is (*o (‘xlfuri V(^ with 1 la* ntoiuhoivhip of lh(* 1 ns| it ute, and 
1 am (horid’oro very u;lad to salult* him as my sn(*(a‘ssor, and now 
to introdueo him to you. 

Mr. Weston ttask tin* ohair, and ad<lr(‘ssod t!u‘ nuaOino;* as 
follows: 

(irndloimm and Momhors of the Inslituto: 1 am not (|uit(* s<a 
Hi(d< as (Uir fonmrr pnyddtmt, Mr. Martin, W(aild h‘ad y(m to luo 
l)ut siiu'O yt‘stm‘day I have made a. low trips hiUwiam tlu* 
o<pmtor and tin* north pojhx I hav(‘ laam jumpin<jL: as you willsoo 
lH*tw<‘on pri'tty whh‘<*xlronuss 'To slop tht* tot) rapid moti<tn I 
Ijavi* takmi ('onsi<h‘rahh* (pdnim* and it h‘aA‘»>s na* in a sonunvhat 
hofo|LC^(Ml oonditiou of mind, 1 mu thorofoh* not iVading widl 
tuiruii^h t(ead(hxnss tin* Institute in tin* way that I should do in 
fu* 0 (‘ptiui*' ilu* prosid<mov. I h*ol (‘Xtromoly hoiiorfMl hy tin* kind” 
iH‘Ss of your sol(a*(iom 1 aeo(*pt tlio ollioo with u'ravt* douhts, \h^‘ 
(*a,us<^ I lour I taumol u’ivo as miudi time to it as our jiast worthy 
pnxsidiMit has doiio, and slanv in tin* same tinM‘ suoh rimuirkahh* 
ji;a*owth of lh(‘ Institut<‘. 1 am infornHsl that iii the year of his 
pr(ssld(m(*y (ho aetual mmnhorship of the Instituti* has about 
douhhal ils(‘if, an inditadJon irf i‘Xi*ollout work I'lio pap(U*stlint 
1 have nN'uh from what 1 have HoiviHd‘the phamodirigs, h 
wort hy of the- so<d<‘(y. The ehanietef of tlii‘ piipers shows a eon- 
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(iMNEUAL MEETIWG. 


Wily HI whicli iiiy rHiiiiiriv.s were reeeived .siitlieieiitly iiiKtified 
m.y assuuiid.ioii that, (,lu.y expressed tlie j.-eMenil ouluion of the 
n I embers prc'seiit. 

^ Mu. Maii,i.oiix: .i would iiiovetliiit tlui remarks made hy Mr. 

I’helps he^ heartily iieeepted imd approved and endorsed liy tlie 
soeiety. The motion was seeoiided liy Mr. Wlieeler. 

(ku>T. <). K. Mihiiaki.is;- I would merely like to add one word 
to the eiieonimn proimmieed on Mr. I.'helps. ] have l.een for- 
tmiate (mon^^di to he iissm-iated with onr piist Presiilent in the 
( IoiiikM diiriiii-'tlie [lastyeiir and 1 can heiirtily endorse everythiiii!; 
Mr. Phelps said; I would like, however to call the attention of 
the Institute to one faet to which they are indehted to our past 
Ih-esulent a,lone, ami Unit is the viilnahle iidditimi to our transac¬ 
tions 111 the shape of the hihlioi^niphy tlnit now tippears with them 
re_i-'ularly. I hat was Mr. Martin’s idea, and it has heeii carried 
nut liy him. \ ou all mnsi, know liow much time such a thiiu;' 
has taken, and he has ilonc that entirely of his own motion and 
lor (he f''ood oi the Instil.nic. (Ajiplaiisix) 
d'liK (hiAiuMAN: I understand the motion to hi' that the re¬ 
marks ol Mr. Phelps he iiddcd in full in onr mimites and with 
the cordial approval of tlui mcnihers. All those iipprovino’ will 
sin'iiily hy rising. 'I'he r(‘solntion was unanimously carriial. 

Mu. Nikoi.a 'I'ksi.a : 1 desire to express my thanks to Prof. 

Anthony lor the help he has <j;iven me in this matter. 1 wiaild 
also like to expri'ss my thanks to Mr: Pope and Mr. Ma.rtiii for 
their aid. 'I'lie notice was rather short, and I have not heen a,hle 
to treat the siihject as 4‘,x(eiisively as I could have desired, my 
health not hein;.’' in the host condition at present. I a,sk your 
kind indiilj!j;'encc, and I shall he very much ijjratitied if th(‘ 'little 
I have ilone meets your approval. 

Mr. 'I'esla read the rollowini>' pajier. 






A NEW SYSTEM OE ALTEIiNATE (UFRE’ENl' 
MOTOliS AND TRANSEORMERS. 


I!V NIKOLA 'I'KSI.A. 


In t.lio prcsciKio of tlio cxisf,iii_<f <liv('rsitv of o|)inioii 
tlio relative iiierit.s of the iilteniati' a.ii(l continuous ciin-cnl system's 
.y'mit inijH)rtii.ii(!e is uttaelied to tlie (|uestion whetliei- all'm-nate 
(nirrente can be .siiceessfnll)-ritilizeil in llu' operation of motors. 
The transformers witli tfieii-numerous adva.ntui’vs, lia.ve all'onled 
ns a relat.ivel)’ ])ei-feet system of disti-iinition; and alllionofi, as in 
all bra-nelies of tins art, many improvements are desiralile, compar¬ 
atively little remains to be done in this direction 'I'lie tiams- 
inission of pow'er on the contrary, has been aJmost entindv con- 
lined to thi^ us(^ <d' continuous currents, and nol.witbslandin'y that 
niaaiy idforts ha.ve been made to utilize a.ll,ernatc cnrrmits for this 
piirjx.se, they inua;, up to the pnssent, at least, a,s fa,r as known, 
failed to ofve tlu^ result desinal. ()f th<‘ various motors ada,j.te<I 
to be useil (in alteriuite c.urre.nt circuits tlu^ following’ have been 
mentioiUHl : I. A seri(‘s motor with siihdiviihal (iidd. o. An 
a,lternate curi'ent fi’enerator havin,<i; its held e.xciled by continuous 
currents. M. Eiihu 'riionison’s motor. -1. A eombineil alternate 
a,nd continuous current mol,or. d’wo more motors id" tins kind 
have suy^cesled themselves to me. 1. A motor with one id" its 

circuits in series with a, tra,nsfornier and the (d,her in the secomi- 
ary id the tra,nslornier. a. A motor liavini;' its armature circuit 
<'<>Hnect,e(ho the oouerator a,nd the li.dd coils closed upon them 
selves. 'I'hese, hoW('ver,l mention only incidenla.ilv. 

'riu! subject which 1 now luive the pleasure nf brimnny to 
your notice is a novel system of electric distribution, aniT trans¬ 
mission of power by means of alternate currents, aironlin- pecii 
cuhiir a(lvan^tai!,a;s, iiarticiilarly in the way of motors, whi(di I am 
contident will at once establish the superior aduptaJiility of these 
ciirronts to the transmissiou of power a,nd will slmw tha,t numy 
results heretofore rmattiUnable eaii lie reached by their usi'; 
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wliii-li nr«- viTv muc!i in tin' |inu'ti«:-al opcnaimi of 

such .-vstniiis and wliinh ranir-i 1 m' acctnn|>lislH'd !>y means nf 
(•iiiltillllnUS clU'ri'llts. 

liid'dfr mdim" int't a ilriaili'il di'MTipliim nf (his sysimii, 1 fliink 
it iii‘ccssai‘\ !<■ make a few i-emarks witli lad’enmee (n eeiiuiii enm 
(1 lldiis <'xi>lin,'a in ei.ntinmnis eiii'rmil yeneratui-s and imiliirs, 
uilieh. alliamyii pme|-all\ kimwii.ai'e fna jueiil ly disivmil-ded. 

in ear il\ name niaelunes^ it is well kn<*w'm \\e y,'eneial<* aliei- 
ante enrrenls w lu<di w e ilii-eel liy means of a enmmntalor. a <'mn- 
|iliea(e<l devie.mind, if may he justly said, (lie smirce nf im.sl <d' 
(lie trmddes experieneed in dll' operation of the maidiines. N’osv, 

tin* eiirrents so direeted eannot. l>e iitilix.ed in the .(or, lad 

Ihev must aoaiii hy means of a similar nnrtdiahle deviee 
I,,, rei-onverted into their oriyinul state of alternate eiirre.its. 
'The fnnetion of the eommntator is entirely external, and in no 
wav does it ail'i'et the internal woi'klny of the nimdiines. 
li'i'ivalily. therefore, all maehines an' alh'rnale .'Urrent maehim's, 
the eiirreiil appearing as eoiiliniioiis only in the external eii'enit. 
dliriiiL'. their Iran it from yeneralor to motor, hi view sinijily <d 
this faet. Jilternale enrreiit, would emnmend ihem-elve- a- a imna' 
direi'l applieation <d' eleetrieal enerey. and the employment el 
,I,..nrreiil would only he jmtilied if we had -lynamos 
which would primarily evneratc. and nmtors which would he 
dirt'i’lK* 1 >\ . Ill'll {‘uri’i'iii'w 

Ihit’lhc opei'aiioii of ... motor i> lwi> lold; 

tirstly, it. revere the currents tliroiiidi (he motor, and secondly,, 
if clh'ct, antomalicallv. a protrfessive shilling ol the poli's.d oiu' 
,,l' i,,,. lie eonstitnents, AssiimiiuA therefore, lhaf doth o! 

the irele.s operations in the system, that is to say, the directin''' 
of (he alternate cnri-eiit • mi (he eeneralor ami rev er-imrl he dire.'t 

.airrenls m, the motor. ..liminated. if wmdd still he iiee.' arv 

i„ ,„,ler to can e a rolafion of llm motor, to prodneea pf" me ive 
shifli,,,,- ,,f It,,' pole, of one of its elcmei.ii;> and llm .pie ti-m pie 

„,.nie.l it elf. ilow to porforni Ihi,- operation liv the .lireeS aelion 

„f ullernale eurrent- ; 1 will imw ... to si„.w Imw ihi - re 

suit wa, aeeoinpli Imd. , 

|„lh,. lii ',4 oxperinienf a drum armut arc wa; provided with 
t wo coil., at ri'ahl lumh'," to eindi other, and the emls of these cods 

,v..,,eoimeeled 1" two ,,airs of iii.s.daled ... . m „sual 

A rine; was limn mado of thin insulated plates; ol dieet troll am 
wmiiid with four coils, eaeii two opposilc coils l.ciito ..ommcled 
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togxitJicr BO ivs to produce free poles on diaioetriculh' o|)|)ositc! 
Bides of tlie i*ing\ The rcinainiiig free ends of tie* <*<)ils were (hen 
connected to the contact-ring-s of the* gi*n(‘rator arn}a.ture se as 
to forni two independent (dixaiits, as indicat(‘(l in fignre h. It 


N 




and with this vi(*w I wenJd r(‘IVr in tin* tliagrains, figur(‘s I to 
Idle [i(‘Id ol the g'(‘n(‘!*a.tor being ind<‘|)(*nd(*n[|y e,\<'il<*(b tin* rota¬ 
tion o| thtwannatiire sets up (*nnx*nts in the coils vai*\‘ing in 
strength and dircadion in tin* wi'll-kiiown niarin<‘r. In the posi¬ 
tion shown in figaire I, IJh* (airrent in coil (’ is nil whih* (*oil Oj is 
travers(*d by its inaxiinnin (Mirri'ni, and fla* coniua*!ions nia-y b(* 
sindi iha.t tie* ring is inagn(‘tized by tin* coils e, e, as in<li<*at(‘d by 
tlie l(‘tt(*i‘s N s in jignix* tin* nn'igneti/ang’ ene{»t of the coils 
0 0 l)(‘ing nil, sin<*e thes(* coils an* irn*lnded in the ('ir<*ult of 
coil (!, 


In tigaiix^ 2 , tln^ arinatiire c(nls an* shown 
|)osition, onenighth of oin^ nnadution bt'ing 


in a more a<lvanci*d 
compl<*t(*(L Kignre 



il!u,st,ra,k‘M tlu; <!(int‘Ki><tn<liii,ij; tim,<i;iu.tic kai ..f (lie 

A(; tins Hi((nieiit t.lio will (!j jr,.|u.r;iU‘s a ciiiTciit of (lie same (H- 
recti()ii as previous^, l.iit, mnikor, prodiiSinr tlio polon //, ,v, npo,! 
flK! nno’; tlx! coil <! also a eiirn'iit of th,. samo (iiroc- 

‘'““d H1..1 tla, (a.nn«<.tio.is naiy |,o hiiSi that (.!„* .‘oils x ,• prodiico 










j/ovv/an ,i.y// Th’AAvmum'ms. 
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j„,lcs/( ,v, a--.' h'lw II ill iiu;iirf Tint rcwultiiii? ])<>l:irit_y Ik 

indifiit*''! hy iln; Ifiiciv n s, and it will be observed that the 
jioltts of the rinir have lieeii sliifted oiu'-eiiflith of tlio i)eriphery 
of tht‘ same. 

In tiiture .'I the armature lias <‘oiu[doted oiuHjuartcr of one rev- 



FlU. 3. Fig. 3 a. 


<dutioii. hi this [dia-'e (lie eiirreiit in coil o is Hiti.viniiiin, tiiul of 
nueh direelioii a t., produee the judes N s in iii^ure ‘,ki; whereas 
the. eiirreiit in e..il e. i; idl, (his eoil beine; at its mmtnil position. 
'I'he [lole.- N s in ti'.nii'e Co are thus .shifled one ipiarter of the 
cireuinfereiiee id tiie rinm 

Figure 1 idmw. lie- eoil. or in :i still more adviuieeil [losition, 
the iirniat IIre baa intr eninpleteii ihree-eiirbihs oi one revolution. 
At that moment the e.dl e , tilt venerates a eurreiit of the saine 
diruetion ns before, but of le.-.s strenj^th, produeinp; the compar- 
atlvtdv' weaker pole,- // .v in hiture di/. 1 hi.i tnirienl' in (he (oil ( j 
is of the same .(renp.tli, but opjiosite direetioli. Its cdTeet is 
theiadore, to [iroduee ujKtn (he riiitt tin* pol(‘S //-[ iis indK.ated 



Mij. >1. Fig. 4 a. 


and a |Mdarily. \ re-alt.-, the poles now beinp; shifted tliree- 
eiffhllis of the periphery of the rino. 

In liiture r. one half of one revolution *d' the armature is eom- 
phded, and the readtinu; mnonelie condition of the rintJ is indica¬ 
ted iu'titiure Now (be current in coil e is nil, while the coil 

(![ yiidds its lausimuin current, which isot the same dirtietion tis 
previously t the nineneti/.iti}' elTeet is, therefore, due to the coils, 
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Oi c, alone, and, referring to figure 5a^, it will he observed tliat 
me poles x s are shifted one half of tlie circumference of tlierino-. 
During tlie next half revolution the operations are repeated as 
rej^resented in the figures 6 to Sa. ’ 

A reference to the diagrams will make it clear that durino- one 
revolution of tie armature the poles of the ring are sliifted“once 
around its periphery, and each revolution producing like effects 
a rapid whirhng of the poles in harmony with the rotation of the 
armature is the result. If the connections of either one of tlie 
circuits in the ring are reversed, the shifting of the poles is made 
to progress in the opposite direction, but the operation is identi¬ 



cally the same. Instead of using four wires, with like result, 

^ ree wires may he used, one forming a common return for both 
circmts. 

This rotation or whirling of the poles manifests itself in a series 
of curious phenomena. If a delicately pivoted disc of steel or 
other magnetic metal is approached to the ring it is set in rapid 
lotation, the direction of rotation varying with the position of 

u direction outside of the rino- 

It will be found that inside the ring it turns in an opposite dire(r- 
tion, while It IS unaffected if placed in a position symmetrical to 
the ling. ^ This is easily explained. Each time that a pole ap¬ 
proaches, It induces an oiiposite pole in the nearest point on the 
disc, and an attraction is produced upon that point; owing to this 
as the pole is shifted further away from the disc a’tangential puli 
IS exerted upon the same, and the action being constantly repeat¬ 
ed a_ more or less rapid rotation of the disc is tiie result. As the 
pull IS exerted mainly upon that part which is nearest to the 
nng, the rotation outside and inside, or right and left, respectively 
IS m opposite directions, figure 9. When placed symmetrical^ 
to the nng, the pull on the opposite sides of the disc being equ J 





3 mT 0 iiS AXIJ 


m 


int r«->iili>. The jiciiuu i?i'h;j.st,Ml on tim nnignetic inertia 

<>f ilit» irnit : !V»r this r»‘a-nn a <!is(* of hard sti*el is luueh more af- 
iVatod (h:ui a disr uf shI'i iron, the lattia* htatg capable of veiy 
rapid variatlnns of ma^neiism. Hueh a, disc has [H-oved to be a 



vvrv ii'sd'n! iii.-l riuiient in all these in\a‘stigations, as it has en- 
able<l too to elt*fe«*{ any irreaadarity in the a.etion. A (airioiis cd- 
pH*f i a!'o produerd npon iron tilings, lly phnang some upon a 
|)aper and lioltiiiit.r them exlornally <|uit(M*h)Std«» t 1 h< ring they aa*e 
set in a \ ihraling njoiion, remaiinng in tin* saint* plaxa‘, although 
tin* pajHa may he moved hatdv arnl ha*th ; hut in lifting the i)aper 
to a <‘er1:dn lieitfht h diiidi M*i‘m"* to ht* <h*p(‘nthmt <m tln^ inttmsity 
of the pihi*' and the • pt*ed ol imtaliom tiny art* thrown away in 
a tlifet’lion alwav * tippioiit* to tin* sup|)oso<l movtsmtmt ot the 
poh*^. If a paper with tilings is put Hat u|M>n tin* ring and the 
eiirri'Ul fnriied on inldenly, tin* t‘xi.stenet* ol a magnt‘tie whirl 
may t*a>ily he oh''«er\"ed, 

d’o tjenion !rale the eoinplt*tt* analogy ht*twt*en the ring a.n<I a 
r»*\tdsin:r nio-nei, a slrongly tmergizt**! eltadromagnet was nd-a- 
tt*d h\ mei'iiatneni power* atn! pin*nt>fnt*na nh*ntte«ii in (*\t‘ij p<U" 
tieidar to !ho >o mentiorM*d ahos t* wert* tdnst'r'vtMh 

(do ion l\,fhe rotation td’ tin* p<dt‘S protinei‘S <‘orres|)<mding 
indiiefiv(* elb'ia ami may 1h‘ Mtili>ct*d gt‘m*ratt* enrrents in a 



ehised eomlu«*tor pliei-d Within fin* inllnenee <d the ptdes, hor 
jP;,. ofiroo.o If cMmvt*nh*nr to wiml it ring witlt two sets of 
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superimposed coils forming respectively the ]iriiimi-v und second 
ary circuits, as shown in %nre 10 . lii order toseem-e the inost 
economical results the magnetic circuit siiould he (•omidetelv 
closed, and with this object in view the conslriiction mav he 
inodifiecl at will ^ 

The iiiduetive effect exerted Tij>on flic H(M:*(diMlary ciiils will ]>e 



mainly due to the shifting or movement of the m;ignefi(. j,eti(m ■ 
but there may also he currents set ui. in the eirenil.s in eotiseqiience 
of the variations in tl.e intensity of th<- peles. Ifowevln- hv 
propeidy designing the gi-nerator and determining the nmnJ 
zmg efteet of the primary coils, the latter elenimit may he nn<l(> 
to disappear The intensity <d' the pules being maintained e!on-' 
stant, the action of the apparatus will he perf.a-t and Ihe sao,,. 
result will b.,cc„„,i! 

means of a commutator with an inlinite number ,d' bars 1 „ m„.h 
case the tiieoretical relation between the energiring elTeet .d’iawd. 
set of primary cods ami their resultant magnehV.ing elFeet nmv 
be expressed by tl.e equation of a einde having its' ..outre eoi.t 
cidmg with that ot an (u-thugonal systeni ,d' aves, ami in whieh 
represents the resultant and the euurdii,ales hut,; 
of dfe components. Ihese are then respeetively (he sine and 
« of he angle a l.etw,.en the radius and .'me ..f the axes 

_ 1 I, 've, have x, | 

X — r C08 a, and y ;::r: r mn a, " ^ 

Assuming the magnetiring elfeet .d' (vach set. „f euih, in (he 

rrdXd f'r' '•"'•'•ent whieh mai be ad' 

mttul toi weak degrees <d: magnetisation then x Ab-'and „ 

A 0 , where A m a coimtaiifc and c ami M,,, ,.„,.rent in bull, ‘els 
of coda respectively. Supposing, further, the liehi ..f . ,0. 

erator to be uniform, we liave f.,,. e.onstnnt speed I- y i 

See figure 12. . ^ 'cmmlant. 










f 7 7 //. 7 ;v 7 * M(rro!:s axd iiLixsroHMKns. 


:M 5 

\ /if' A /i ' (/; 

7 A • A' A' ..in if, and 

1{ /{^ r. 

That is, tor :i nniinnn lifid ihi* dis|>;»>itinn nf tii(‘ two anils a,t 
ritrld an^loN will :n^Mirr tlin ihnnrrtinal n-suh, and tlu‘ intensity 
of the sldfunt*: jH.lo- will ho etee7a.ni, Hal tVnin /''* x" -f" jr 
follnws that ini* y o, r X ; h hdlnws that tin* joint magnet- 
ellee! n| Imfh cl- n| «‘nd>' hhnuhl he iMjUal to the etleet of 
one ;e*t whnn al it- inaxiinuiii aeiimi. Iti 1 ninsfoianers tind in a 
etaiain n!a- (xf inntru-a tin* thn'inatinn of tins poles is not of g'reat 
iin[)nr!anen, Inil in ainaher elass nf ihesi* niofurs it is (hssirahle to 
oht.iiu the thonrefiord result. 

In applyifua ihi:- prinoiple tn ihi* eotisirnetion of nH>tors, two 
tvjderd fnrnis mI ninfnr h;*\e Ineit dn\v'in[H‘d. first, a. torni ln‘iv- 
inti' a <‘onipar;n i vriy ■ mall mtarv «‘ti‘»rt iil tlie.-laia hut nianitainini;* 
aiau’leetlv niiiinrin . pnnd at all Inads, whu'h inntni* lias h(‘en 
tiaainnl .wnehrmnni . Scnnnd, a fman pn;sasadny a yreai rotary 
elTort at the : fart, tin* pmd hrina' elnpoinlmt tni tin* loasl. 

d'hi'se inob»r inav he njtri'atod in !hren diilerentw avs : 1. I>y 

tin* aliernatn (Mirr’on! n! thn nin’en nulv. 7. lA' a eoinhined ae- 
tion of the, e* and nf iudnnnd t'lii'i'nnls. th l>y lht‘joint jK'tion td 
lilternati* and eniitinunn ' eurmnt-. 

Idle siniplfs f Inrui n»t a . vn<’hrnnnn> nint»n‘is ohtaiinnl hy wind- 
iilj*; a landimied rin;r pno idnd with pole pmjei'tinns with tout* 



ritf. a. 


eoil-s and «*unnnet iin*’the ; ana* in the Miainna* Intfort* indi<»ated. 
An inni dise ha\ inif* a . eeaneiit eiit away on eneh siele may he used 
as an armat ur«a Sneh a nmlor dinwri in fia'tiri* th i he dise 
ludim’ arranm-d in mtate treidy within the riire: in nlose proximity 
to the prnjri'iinns, it is eviilem llial as the poles are shifted it 
will, nwiny !*> it,, temieiiey h» fdaei* itself in mdi a |N)sition as to 



i 

‘ f 

i 

S'! ! 
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embrace tbe greatest number of tlie lines of force, closelj follovy 
the movement of the poles, and its motion will T)e synelironon,s 
with that of the armature of the generator; that is, in. tire ])eculi;i,r 
disposition shown in figure 9, in whicli tlie armature jnoduces l)y 
one revolution two current repulses in eaeli of the cirenits. ft 
is evident that if, by one revolution of the armature, a grc^ater 


Fig. TO. 

numl)er of impulses is produced, tlie K])ee(l of the motor will la^ 
correspondingly inerea-sed. Oonsidering that Ihe atti-aetioii ex- 
cited upon the disc isgreatcist when tliesaiiiiii is in <dose proximity 
h.) the poles, it follows that such a motor will mainlain exarcdJy 
the same speed at all loads vcithin the limits of Its (‘a.i)!ic.ity. 

Jlo facilitate the starting, the <lis(i nniy Ix^ provdded w'ith a laiil 
closed upon itself. The advantage secured hy sik'Ii a <-oil is evi¬ 
dent. On tlie start the currents set up in the coil strongly eiici-- 
gi/e the disc and increase tlie attraction exerted Ujion thesanni hy 
the ring, and currents being generated in the coil as long a,s the 
speed of the armature is inferior to that of the poles, consider¬ 
able work may be performed by such a motor even if (he speed 
1)0 below normal. The intensity of the poles lieing consta nt, no 
currents will bo generated in tbe coil when the moior is ( urn’ing 
at itiS Monrial 8i)ced. 

Instead of closing the coil upon itself, its ends may he connected 
to two insulated sliding rings, and a coiitimioiis current snpi>lie<I 
to these from a suitable generator, d'ho pro|)er wa,y to stai-t such 
a motor is to close the coil upon itself until the no'rma.1 speed is 
rcached,_ or nearly so, and then turn on the continuous mir- 
rent. It the disc be very strongly energized liy a continuous 








T M'OTOns AND mAmFOMMEES, 


m 

current the mniur nuiy not 1 h^ able to start, hut if it he weakly 
(‘UiM'u’izeih or puiet'a/lly so that the magneti/Jng etfeet of tire ring 
is |)n‘iioiHlerattiig it will start an<l n^ai'h the normal speed. Such 
;{ uioior will maintain ai>solut(‘ly tin* saine speed at all loaxls. It 
has also IxMai foimd that if tlu‘ motive pt)Wer of the genc^rrator is 
not exc‘(‘sdv(\ hy elnat'king tlnr motor the spiKMl <>f the generator is 
diminishisl in svnrhroni>m with that of tlu‘. motor. It is charac- 
tcristi(* of this form of motor that, itca,unot he reversed I )y revers¬ 
ing tin* eontiniious <*nrrt‘nt through tlu^ ('oil. 

The synehrojilsm of thests motors may he demonstrated exper¬ 
imental I v in a \'ariety of ways. For this purpose it is best to 
iuriphsv a niotor e<ni>istiiig (>f a stationary Held magnet a,nd an 
armalun* arranmal tt» rotat(» within tin*, same, as indicaited in 
h'f. In this laise tin* shifting of tin*- poh‘s of tin*- armature 
proilin'es a rotation of tin* !altt*r in tln^ opj)osite direction. It 
rt'snlts Iherefiom that w!u‘n tin* normal spiunl is naiched, the 
p<hes of the armalun* asstime Hxt*d positions relativ(*ly to the 
licld nunrnel ami the sum* is magnetizi'd hy indiudion, exhibiting 
a, distinct poh* on each of tin* pole-pi(‘ees. If a> pi(*c(* of suit iron 
is appn»aeht‘d to tin* held magnet it will at tin* start he attra(*t(‘d 
witli a rapid vibrating motion produc(‘d by the reversalsot polar¬ 
ity of tin* magnet, hnl as tin* sp(*(‘d of tin* armature increases the 
vihratioJis become h*ss ami h*ss {n*<pu*nt ami iuuillv (‘ntindy {*(*as(x 
ddn‘n the ir«ui i^ weakly Init permanently Jittiacted^ showing thaf 




tin* syiiehronimn i.. rern'lici! ami the Hidd magnet (*m*igized 
hy indnetioin 

* d'he «iio* ma\ al-o he uhmI for tln^ (‘Xperimeiit. If held ([uhe 
close to the armainn* it will turn as long as tin* siamd (d rotafi<m 
the p^lo ext*e«‘ds that (d tin* armature; hut wlieu tlie uormal 
speed \< reaehed or veiw nearly so, it c(*aHeHto ndatcainl is perma- 
nentlv attrae{e<h 
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A crude but illustrative expcriiuent is niadc u'itli an incaiides. 
cent lamp. Placing the lamp in circuit with tlie cmit immus cnr- 
lentgenerator and in series with the magnet cnil, i-apid flnctnations 
are observed in tbe liglit in cniiseijuence nf the induced cnrrent.s 
set up in the coilatthesta-rt; thespee.l increasing, tlu> iinctnatimis 
occur at longer intervals, until they entirely disappear, showing 



Fij. t3. 


that t.he motor has a,ttaiiu‘d i(;s normal speed. 

A telephone receiver a Ib.rds a most sensihb e instrnnmnt; wim. 
conimc ed to any circuit ii. the motor the synchronism mav b. 
easily detected on the disa[)|)earanee of (he indm-ed currents' 

In. inotors ,d the syrichnnn.ns typ,. it is .hvirable to maintain 

the (|nantity ol the .slutting magnetism ...slant, e.speciallv if the 

aiv, rjol, [>r<5|H‘rlv b'-iib(liv i<l<‘(i. 

To obtain a rotary cD'ort in the.m motors was the snbiect of 
ong t mught In order to ,se,air<- this result it was mm.-s'Kary to 
^Ae such a di,sia,,s,t,on that while the poles of one cleimm of 
- unitor are .shitted by the albnaiatee,^ the .source 1. 

p. Ie,s produced upon tlic other elcment.s should ahvavs be main' 
-hition to the rorn.er,irrespec iv o 
Hpeed ot t e motor. Such a condition exist... in a c.mtimmns 
( Uiieiit motor; but in a.synchronous motor,.such as described this 

'‘"'bv;""",''.. ...' 

■'’''■■“■'.“"I .. I, 
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ill lii^uru I k 3ri* hut a irreiiter iiuinbui- iua,y 1)0 advun- 

ta‘»‘euusly employed. !l r<‘sults from this dis|)osition that when 
the poles of flit* rin^ are shifti'd, earrmits are n:erierat(.‘d in the 
eloseil aruiaitire eoils. 'TheH^ <mrreiits art* the most intense at or 
near the points of th«‘ .e:reati‘st dtmsitv id’ tlu* lines of force, and 
their ellVid is to pro<luee jHdt*s np<m tin* aunaiure a,t la^'ht an«i;les 
to thosi‘ id’ tin* rinm al h*asl theoretii/ally s«e andsinta* this action 
is entireh" in«lt‘p<'n<i«‘n{ «d‘ lie* spei**! that is, as far as the location 
ef the pides is c«mi‘t*rneil a emilinuous pull is ex(‘rted upon tlic 
periphtU'V id’f 1 m‘ armaf uri*. I n many nsspects thest* motors arc 
similar t«> tin* coidimioU'^ enrrent motiuv. If l<rul is put on, the 
spiMsh and also the ro.d.Oanee u( the motor, is diminished and 
luon* current is ma«h* Of pas^ throua’h the t‘neru‘izinn’ coils, thus 
ima’i^asin^* tin* eH'ort. l']Hm the loa<l iMunt*; taktn <dt the 
c<mnii*r idisdritnnd!\i* hu'ce ineinases and h‘ss current passes 
through the |»rimarv tUMniermzijin c<>ils. Without any load the 
spiM'd i.*”' Vi'ry lunrly <**piai t«t that id' tin* shifting;* pidi‘s <d the 
fudil mairnet. 

It will Ih* found that tin* rolary idlort in thesi* nmtors fully 
i'ipials that id’ tin* eonlimious inirrtnd nni!i»rs. din* <*llort stanns 
to lie irrealicd when lndh armalma* ami lichl namnet ari^ without 
anv pripindions; hid a> in sueh «lisp<oitii>ns tin* tiidil (*anm»t he 
comamfratcih pothaldy tin* hest ri-sults will he i>htaim*d by lca,v« 
in|j^ jiolc |jrojcctiims i»n one <d tluMdi'imnds only. (i(nu*rally, it 



mav liostatiai that the prtijeclhms diminish tlie toriiue and [iric 
<lu(*e a {endianw (o syrndinniism, 

A charatninanii' haiture td* motors of this kind is tlunr capaeity 
of hi‘iim vt‘ry ruidnlly revm*M*iL d ills iiillows trom the piandiiU 
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action of tlie motor. Suppose tlie arinature to 1)e rotatini** aiKi 
the direction of rotation of tlie poles to he reversed. I'^lie ap])a- 
ratns then represents a dynamo maeliine, tlie po\vt‘r to driven this 
machine being the momentxim stored n[) in tlie armature and its 
speed being the sum of the speeds of the ai'matni*e and t!i(‘ |)olcs. 

If we now coiLsider that tlie power to driv(‘ sudi a, dynamo 
would be very nearly proportioiuil to the third jx^wm* of the 
speed, for that reasoii alone the armature should h(‘ qnictkh’ i*e- 
versed. But shnultarieoiisly with the revcu’sal another (demumt is 
brought into action, naaiiely, as the movement of the polos with 
res|)ect to tlie armature is reversed, tlux motor aids like* a tra.ns- 
former in wliich the resistance <>f the sia/onilarv einmit would 
be ahnormally diminished by prodiuang in this larimit an ad- 
ditioiial electro-nuitive force. Owing to tliiNse I'auses thi^ riwc^rsjd 
is instantaneous. 

If it is desirable to secure a cojistant sixhmI, and at the same 
time a certain ellbrt at the start, this result may hi* easily a.ttaimal 
in a variety of ways. For instance, two a,rmatiires, one for tonpu* 
and the other for syndironism, may he fastmuxi on the same shaft 
and any desired |)rei)onderance may hi* given to either one, or an 
arinature may he wound for rotary elTort, but, a more or less 
pronoiuieed tendency to synchronism may hi* given to it Uy 
properly coiis^^ core; and in many other ways. 

As a means of obtaining the required phase of the eurrents in 
both tli.0 circuits, the disiiosition of the two eoils at right angles 
is the simiilest, securing the most uniform aetion ; hut the phase 
may be olitaineil in many other ways, varving with tlie machine 
employed. Any of the dynamos at present in use may he easily 
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iulaptcd tor tliis pnrjxwe by iiiakiiii>'ooiiiicol.ioiis to proper poinls 
of the geiicratiii^ coils. In ctostid circiiii arinalnrcs, siicii ns used 
in the contiimons ciirretit systenis, M; is best in inale four deiava 
tioMs from e(pii-(lislant points oi- bars of Mie eoiiimiitalor, and U> 
connect the same to tour insulated slidiiij^' ring's on lin; shaft. Jii 
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flii'^ ♦•irriiit.s !s roimtM'ted to two diarnetri- 

,,,|j,n ii»- i‘:tr« of ilto otHnuiiilatiH’. In such a (lispositioiithe 
jy;iv :il>o 1 h' njH*nifi*d ;il half the potoiitial aaid on tlietliree- 
hv ♦•HiniiMiiMu: tin* inutor ('ir^Miits in tht‘i)r( 4 )er order 

iliia/r Ml' 1 hr* f»»nt:Ma rinp^. 

in ninhti viianiu snaoliinia,-, ;-U(*h us us(‘d in tluj converter 
^v-teiii , tla* i'ha ‘‘ i ruiutuiionrly olaaim‘(i Iw winding' npoii the 
uVniatuo' iv.M rriM. Ml’ tMiih in suoh a nianniu* that while, the eoils 
*i,r tine Nc! or r-rio- an* at their maxiinnm prodiu'tion of current, 
file t-oil:. of l!ie Mihtn* will he at their ncnlral i>(K*^ition,or iiearly so, 
wherolw I’-nij »'! nf coil- may he Mihjecli*tl sinnilta.n(‘ously or 
j^yret' , i\ <'i\ tM tho indiieing aciimi <rl tin* 1i(d<l magnets. ^ 

(iriioi-.tlU the eirenit ' tu the umtor will he similarly ^<lisi)osed, 
and vai'loii aia’aiievnnaO- may heimnlete InUillihe reipnrianents , 
j^n th,' iinph t and mo7 prai'tieahle is to arrange primary cir- 
, ,,, noiMHary pari, of the motur. tlierehy ohviating, at least 
fHrm . tin* mnploymont of shnling ermtacts. In such a 

ll,.,, i„ I .In an.I 1, . ii« '1"' 

...H. da. M nu,v 1..- all In the Kamo 

i>M,,.,m4linn; in tlm latter <-a,Ko a motor 


manner, 
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rig. to. 


. , I , li, trill n*an!t and its acti<m will he 

with halnin- nuiHla-rrit pole. wdI nmn.airY 

,.„nv pmulinOv m..ailie.i. Tl.e li-tur.'s '-’'g': ' 

(hroe .iilhovin |.h:t .e., the mau'iie! eoiU m eaeh eirenit »omt^ o 

, y i, l„.hiMaiH-lherew,lll.eaUmVK 

1.1..,:, Inth-ur, 'i;.an.llT.tonr,.o!e ,n;o,,eHnmK_w.l ho 
;i.;.L;u:.-,.aarhs. l.ainmahlsareeonnmydin1.eKn.nom^a^^^^^^^^^^^^ 

ti,ill l». ei.4.l aheriiaiii>,ir pohvs ■.<> unlieatoil h.v t n. 

..t„n.hi,mlarnn.,or,.KoenroKinthiKKVKU 

a.h an.am- mneh .le..;„-e,l ami nnattainuhlo in the y” y';;!;; 

:;y .. irre.,.eaivo or i.n,K.rfeot.o,tK ,n -mo 

,„„i, .viti.in eortain limits ni ulootron.otivc 

fiirre, ami eyrnml Mreugtln 




A tr SYSTEM OF A L TKlLW i TF 

In a general distribution Bysteni of tliis kind tlie following |)lan 
should be adopted. At tlie central station of supply a giaierjitor 
sliould be provided liaving a consid(‘ral>le mnnlKrr <>f |>ol(‘s. IdKi 
niotors operated from tJiis generator slioiild l)tMd‘tIu^y\’n<drrc)ii()n8 
type, but possessing sufficient rotai;)' t‘ll‘ort to insuri' their starting. 
With tlie ol)servanee of proper rules of eoiistru(*tiiai it mav h(^ 
adniitto(l tliat the sp each motor will h(‘ in sonu‘ invtn'si* 

jiroportion to its sixo, and the lumther of )>ol(‘s should h(‘ <'lios(‘u 
aeeoniingly. Still exceptional dejuaiids may modify Hus rul(‘. 
In view of this, it will 1)0 advantagiMous to provide (‘lu^h motor 
with a, greater niinilier of pole projtHlions or (’oils, tla* niimher 
being preferahly a umltiple of two and ihnv, Uy this nunns, by 
sini jily (dtanging tlie eorrneelnins (if 1 hi‘ (*oi!s, I la* imdor may ho 
adapted to any proliable deina-nds. 

It the minilier of the |)ol(.‘s in tin* molor is (oam, tin*ntd ion will 
he hartti<>ni(uis and the pro|)er rc^sult udil !h* iddained ; if flu’s 
is not the ca,s(3, the host plan to he followetl is fo make a 
motor with a doulde numlier (d polt*s and (’onnoci flu* nante in 
the inaaiiKu* ludorit iudi(‘at(‘<k so I hat half (lie numlnu’ of |)ol(ns re- 
suit. Snppos(% for instaauaN (hat flu‘ gmierator has twelve pol(*s, 
a,ltd it would hc^ di^sircMl to obtain a sp(‘(‘<! e<|ua! to of tin* h]h*(hI 
ol the gem‘ra.(:or. dliis would nMpure a tuofor with sevin pole 
proj(‘(*tioiis or magiads, and sueli a mofor rmdd not he properly 
(ammnted in the (dieults mdess bmrlmni armiituiv (‘oils would he 
pio\id(Ml, which would u(‘(*(*ssifaU3 flu* emphoimait of sliding 
(‘onl.acts. I o avoid this, the motor shotdd tH^pnoidetl with fonr» 
tern magtiel-s Utiid si-vm <auui(*(d(*(l ni (lieh (dreuif, the magiuds 
in eadi circanf all(*rna.(liig ameutg flK’niHohes, ^^riie annature* 
should ha.Vi‘ lourtcm <doS(*d (•(uls, d’lie atdioii of tlie motor will 
not he (julf.e as j>erle('t as in (la* ean‘ ol an (nan tiuuihisr ((f jades, 
luit the dra»wha(d\ will tiof. h(‘ of a scatious naf lire* 

!Iow(*ver, tla? (l!sa,d van lagan rtnulfiiig frmi lhi> uusynimetrhail 
loim will h(( reduiu’d in tla* samt‘ pia^piaiiou a^ fhe nnmlH*r of 
the p(d(n is a,ugim*nt(‘d. 

If the generalor has, Kuy, /g and ila* motor /e jioltn, fht‘ sp^aal 
ol (rhe motor will la? eijtial (<» that (d tla* generiiior mulfipli{‘d hv 
n ^ 

The speisl (d tla; motor will gemaadly In* dt‘p(nd(U»f on fJa* 
innnh(‘r<d th(* |a>hn, but iheia* may la* (‘V’epiinn^ in fhis ruh\ 
TlH‘S|aa‘(I inay he naalitied by tla* phase id' fhi* ntirmhi in fhe 
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eirmiitrt or !>v charjK'ter of the <airroiit iinpvilses or 1)y inter- 
valB betwi ‘011 eaeh or hotwoeii t’-roiips of iiiipnlRes. Borne of tlie 
possil)h‘ c'asos are in<li(*at(‘<l in the (lia^rains, H^iires 18,19, 20and 
21, whieli an‘ Bivtf <‘X|)lana,toi-v. Ki^aii’e IS re|)resents tlie condi- 
tioii n,HnHnadlNMvxis(a whic/h s(‘('uir^s tlie best reBiilt. In 
siK'h a eas(‘, if tin* typiixd form of mofor illustrated in. figure 9 
is employ(‘d, eoinplote wave in (‘adi eireult will produce one 
revolution of tlnx motor. In iigma^ 19 the saauo result will lie 
(iriMded h)' oiH‘ wavt* in eadi eiiruit, the impulses laying succes¬ 
sive; in Hgurt' 20 hv four, and in tiguny 21 hy eight waves. 

By smdi nnxins any desire<l specMl may he attained; that is, at 
least within tin* limits of pradicad demands. Idiis system pos- 
si^sses this a<lva,ntago l}t*sidi*s otlK‘rs, r(*sultlng from siniiilicity. 
At full loads tin* motors show n\\ eHHamn'y fully e(|ual to that of 
tin* (‘ontinuous (Mirr(‘iit motors, lln* transformers [iresent an 
additional advantage in their eapahility <d* oiierating motors. 
Tlnyy are eapahli* n( similar niv^<lili<xations iii (anistructiirn, riinl will 
fa.(*ilitate tin* introiluefion of motors ami t!H‘ir ada|)tation to juau*.- 
ti(*yd demands. 1’ln‘ir ellii'ioiiey should he higher than tlait of 
tiny |>nw(‘nt tmiisformers, and 1 base niy assertion on the fol¬ 
lowing: 

In a, transform(*r as <'onstrueted at piarsent W(y [nediKay the 
<mrrents In I he seiamdary eireiiit by va,lying the stiayngth of the 
primary or (‘xeiting (‘urreiits. It way admit jiroportionality with 
respe(*t to the iron (ana* tin* indm‘tiv(y elleet exerttnl upon the 
Hcnamdary eoil will hi* proportional to the num(‘rical sum of the 
variations in the strength of the (‘xeiting (*urr(*ut |H‘r unit of time; 
wdnynety it follows that fora giv(*n variation any pr()l<)ngafnni of 
tiny jirimarv (*nrrt‘iti will result in a |>roportiomd loss. In order 
t;(» obtain rapid \ari;i(ions lU tiny siia^ugth ol the current, (^sseutia<] 
to (*{rn‘i(‘n{ indtn'tium a great uumher of mnluiatious are (‘mjiloy- 
(»d, from this |»raeiie(* various (lisjirlvanhigrys result. 'rin‘Si* arc 
inen‘ased ('ost ami dimiuisln‘d (‘llicieney of the g(‘uerator, more 
w'ast(‘ of (*uergy in heating tin* cor(*s, ami also diminisln‘d initput 
(>f tin* translmriner, siina* tin* (mn* is not properly utilized, the 
r(‘V(*rsals being too rapirl. Thv iiidmytivt* (yfleet is also very small 
in <*ortain phases, as will Ih^ appa,r(*nt from a, grai>hic represonta- 
tion, and tln‘n‘ may he pt*rio(ls ryf inaction, it there are intervals 
b(*twe(*n tin* sue(*<yoding <‘Urrent impulses or waives. In producing 
a shifting of tin* poles in a transformer, and thereliy indm*iiig 
(mrnmts, the indtu'tion is of the ideal cluiraeter, lamig aJways 
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inaiTitaiiiCKl a actiuii. I t is also roasoiiahh-to as¬ 
sume tJiat by a tlu* poll's loss (‘iioi'^'v will Ih‘ wasti'd 

than l>y i*eversals. 


nio to inali(‘ 
ho niofo iij- 


i)is(a‘ssi< )X. 

Mu. 1. (J. Martin: .-Ih’oi. Anthony 1 hollosIs horo, ami 

he lias ifivoii tin’s .siiltjcctsdiiic alteiilidii I ihink he inin'ht very 
prnjiei’lv sii|)|)ic‘in('iit Mr. 'I’e.'^la's jiapei’ vvilh .-.imie reiiKirks. 

Mk. 1 ksi.a ;■.I want tn ex|ii'e.s.< oiiee mere in\’ hesl thanks tn 

I’rof. Anthony lorahliiii’' ni<' in ninny respects, ainl 1 hope he will 
he iihle to enlie-hten yon upon innny of the iVainres in thisssstein 
that I was nnalile to explain at pi’esent. 

PaoK W. A. AN'riio.Nv: ■-Mr. i’resiiletii aiid (lent lenten: I 
Iiav(‘])(“en relerred to ns ha\'ino’ hail .sonieihino" to do with lhe.se 
tornis of motor. I am very ,aiad to he aide to ad<l my lesfiinony 
to what Mr. 1'esia has already eS eti yon in ree.'ird to their ae-- 
tioii, and I confess that on lirsi seeing the motor , the action 
seenu'd to me an e.xeeedineiy remarkahle one. After m\' lir.st 
visit I, o Mr. I esla s works some ol the moloiv, I think (he.se very 
two that you see hereon the tahle. were hroueht to me jo make 
.sometestsof their (d)ieieney, ami prohahlv voii will he more In¬ 
terested in that than anythine- else (hat I m’iyhl -ay. I am sorry 
to have not hroii,o-lif: with me (he exact liyinv,. we obtained, hii't 
I can i-ave you from memory somethine'of the residt. 'I'his little 
motor thayyon .see here ewve ns almill half a hor-e poner, and 
liad an ellieieney id' .somethine' ahove lifiy per cent., whieh I con¬ 
sidered a very lair eflicieney torn motor id’ Itii- : i/.e, a-, we cair 
iiot e.xpeet with such small motors to p.| w, Idyh ellieieney as we 
eaii with lara,vr ones. 'I’his I helieve is the armature that .Mr. 
Te,sla calls the anmitnre for Idyh rotary elfort. 'i’hi. little pulley 
whieh is only ahont three inclu's in diameter wave a pull of .-.ome. 
ihmu; like lilty poiind.s. as I reinenii.i r il. on lurniii;- on (he 
mirrent, .so that you .see the ndary idfort i, ^mrv eon, iderahle 
and that is idso shown in (he .pii.d.ne,,,. with whi.d'i the armature 
willreverse its imdion on rever.sinyr Ihe relation of ((,,. tvw. eur 
rents whieli pass tliroii,'?h the two opposite coifs. 'J’hat could I..' 
done hy shiftm<r two id’the wires or siniplv diifl ine: a rever.ani.'- 
key moneof theeireiiifs, nnilthe armature Mould’; lop and re' 
verse its motion so (piiekly that it was almo. t impo. -.ihle to 
tell when the ehanfi;e took plaem 'I'hat .slmw; , .-m I h:u e ...md, tlie 
very eoiisiderahle rid.ary ell’m-t that the armature pre mil . 
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'riiis iiioior iIII tlif scciiiul .specimen) i>;ave ns, 1 think, 
iliiiiit line mil! mie i[u;irti‘r Imr.'ie jiower aiul showed a somewhat 
hiy-lier ellii-ieiiev ihiiii the iilher, a little over sixty per Cent. This 
wiiiihl nm. with the arniature as here eonstrncted, almost at the 
mieeil Ilf I lie aener.'iiiir even uiiiier a very heavy load. When the 
l(i:iil was lll■l•nahl up In ihe mavimiiin Inad, where the efficiency 
hea'iiu III I’all nlT sniiiewhat, the sjieeil of rotation was reduced. As 
1 reinemliiT niiw, il was redueeil to about twenty-eight hundred, 
and the speed, ynii see, kepi up very nearly to that of the gen¬ 
erator under heavy load. 

1 can add very lillle to what Mr. Tesla has already given you 
in regard I" these niulnrs. I have no question hut that all of you 
would he as nineh interested us I was in secingtheiu work. That 
is reallv the best wav in which to ilelermine what the motors will 


dll. ( A pjilaiise. j 

Mi:. 'I’l'Si.A ; Mr. President and (lentlemeu: Prof. Anthony 
just made the remark that the- speed of this motor fell off when 
the load was inereased. I’hal. was due to the fact that this arma¬ 
ture was divdgned 111 seeiire a eonsiderahle ellort from the start. 
ISiil if we make an armature which is only designed for syn- 
ehrnnism, the speed will a!\s'ays he the same no mattei what the 
load; iiiilv there is a disadvantage that at the outset the rotary 
etforl is 'mi small that it is ajit not to start. It would pn- 
(.rallv start if put in a proper |iosition, hut if not put in a 
pusitiiin il mightnot start. Ifwe employ an armature con- 
sistimi'i.f a entawav hlnek of steel with a coil, it will maintain 


speed at. all Inads, 'I'lie importance of maintaining the intemsity 
of ih,. pole eonstaiit is that, if this can he produced, we can 
iitilir.e, instead of the snhdivided armature, an ordinary steel 
hlnek with the same result. It is only de.sired to close the niag- 
netie lield. Von can readily .see, if the poles are lixed, that it is 
not necessary to suh divide the armatuiv, if the hitensity ot the 
force is eoir-ianlly maintained the same. lUit, il the intensity is 
i,o| maintained the .same, then it is necessary to siihdivide, and 
geiierallv in the results that 1 have, obtained 1 have found that it 
p neeesmiw to siihdivide. 1 attribute the good results obtained 
hv the tesisiif Profes.siir Anthony to the fact that the dynamo 
med liv him has a powerful lield and a small armature, and the 
held is verv ei.iieimlrated, and for that reason, probably, there- 


alt is iHAiindr t 

luive ijertainly been veiy niuch 


interested 




irl lk ilh X 7 M( ; 7.'0iiS .-I ,%'/} sFo!iMi‘!lls, 


in thu (iuscn|.fioii -ivni i-v Mr.'I’rsla nf !,i. ,i,.w and a.itninil.le 
little iiioter. 1 iiavf, as iiniiia.ldy vuii may !..■ aware, werked iii 
.soinewliat siiiiilm- dinriiuiis and luwards the .attainment „f 
.sindl.u ends. I he trials \\ hieh [ !ia\ e tn,ade !ia\e heeti hy tlie 
ii.se ef ;i single .ahernal ill-mirretil eirenii. m,t a ihmhh-allernat- 
in- eirenii; a .sin-li' eiiaaiit ,'n|ijilmn- a mni.ir eiiiisirnejed to 
niilize tile allernali-n and [irodia-e n.iali..n. I have <-am'ed ,,n 
.siiieethe liisi anmi.a! nieetin-..f the In tiinte ihe develo|nneiit. 
and |.erreelin- a. far a> my lime aih.ued, of a .dused eirenit 
amialm-e, if we m.ay :-o term ii, relate,! n, the aliermitin- 
Th.al IS Ihe |dan whieh ! n-ed .atid whieli I hr-.ir-ht tu tite notice 
<d- Hie inslilnie hisi y,.ar: it ua~ |,,m.i|..ea Laminated Held and 
‘i''''' *'■' i'ia'-e.an a rma t it re. ,e h.,, landna!, . I, w j ndim- n |„ ni 
‘"■'"•■'ilire a e„il. wilLd, Oerie.dlealU i. ei, ee eire ailed dnrilnr 

the revolnlmn hy ,i snilahle .. ..r eir.aiit ei.-in.;; device 

I littvi' made several eiief. meter ..n dill'erent ded-ns and Ihey 
'".'‘‘■"'■"''.v '"h"-! from a Mate ..f r. -t ami .ieveinj. over, and .some 
ol them show, .ai --.|>eed,- -aLeete the raf,'of alternatimr. nf the 

ilvnaino. a leiidenev m -ymdir.eda.e. T.heir i-etarv elh.rl in nio,st 
ea.s<ss IS ,a, lillle greater, n. ar that i„,im ihan at .'.iher imml.s. I 
hojie hel'ore ii |.,n- while !.. hrin- m,,.(,,|' the e re. idls heiure 
the lloliceol Ihe IllMilnle. and I Welll.i lhere!',,re j U-elVr dela viii- 
llll•lh,■I• nanark.s on m.anr, e|' fhi,- de eriysien. 1 eerlainly lidnk 
Ihere IS a tiehl lor aileiai.at in- meter , and ihetv i. iindoiihledly 
lui o|iiH,rlm.ily l-r ehiainiim m.,f,,r whieh pe ,■ even some 
tldvania-e.s over the euniiniien em-reni imiier . i A [.plan-e | 

Mu.'1 'i.;si,a: (ientlemen. i ui !, ,j,.„ 

.Miehamanas i‘rer. Th.,m en. m. hein- ierenm a in hi,, pnd'es. 
"'on. II■■•lle|^s me very miieh. I mi-hl an ihaf I h.e..- w.,rked in 
the .same line with I'm!'. Th-nmen al a peri,,! « he, M he in veir 
‘hnevv n I- me, 1 had a niolor 
'rimneen hot I wamnifiei,. 

‘ !-li"Ve that alLhe.mda li.m parli-nlar lorn, of 

a pairef hm he mi.sl l,e e.m 
ployed lo short eirenii the armainre e,,ii, nel, a fern, of 

tuny he made praeliealde. f.,r i.he imple reas,,,. that a 
J'«"l‘>''>'-.s..n.hles a transfurmer. and , i.eh a iran, fermer, vve well 

knovv.ean he l,ren-hl. h, a very hi-i, ellieh nev. n,, ... 

Ihe armainre ni.iy he pr-vided will, e,,ndne(er ihal are of 
"’■■'I'r'<-v.vsManee.nnd i, i :a mere mailer ,.f nn.kin- 
l'“'h-'<-t armn. 4 en,ent: for short eirctdlin..-. d mi will .see fhe 
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a(lvaiitMa:‘‘ disposition of tlio closed eimiit coil^—tliat tliis 

action is inaintaiiUMl always at the inaxinnini, and it is indeed 
Mon*c t)eidV<*t tiani if the polaritii's wen^ shifted by means of a 
<^()inmntator. 

Tnn Cai AicM AN : Uidess then* an* some othei* remarks on this 
subj<*ci Wi* shall ha\ (* to pass to tin* (‘oiisi<leration ot tlic next 
papia-. 1 think thanks an* due to Mr/resla, tor his paper. The 
niAXt papei* in tU’di’r is I i miei’a’roimd lNK*(*tiical ts^^stems in 
Knro[a* and Anna'iea, hv Prot, (o \V . Plympton, ul tlie 
Itrooklyn Subway Hoard. 

Piioi*'. PnA UcroN * Mr. itiH-sident and (Tentlemen oi the 
Institute. This is a plaia* in which I should s(‘ek to stand fur in- 
striu'tion rather than to impaii. any intorination. 1 laive looked 
fora hsn^itinie to H:entk‘meiM>f this urbanization fur siicli in- 
furination as should mi* in the work 1 am duiiib. 1 shall 

be vi*rv brief with tht* stM*alled paper, and will a little ol, 

what i ha\'e to i-onmiunicate, orally in the way ut a description 
of some plates and a narrative of my juurmw. 

Ihad*. IMymptun then r(*arl the fulluwinb paper: 



imDEROiliOirN I) KI.E(ri'liI( 'A L ('(!N |)['( n'( )RS ( N 
KLIIiOl'E AND AMKlilCA. 


IJV PliOK. (i. w. 


The ])r(ihleiiis uf cuiistruclioii nf iiiKler'^roiiiNl svstcins of 
electncaJ (-(HKliK'tion will li:ivc Ih'ch solved when Ihe’hdej.lioiie 
and file iu'c li.i’iil svslcnis ;ire liotli luiried nndei-oiir wifh- 

oiit iinpairine' (|,e ellieieiiev or <liir;ddlit_v of eiliiei'. 

lt.y this I ine.Mii liia!, ;di (he diliieuliies eiie.iimlered in hiirviiiir 
(a)n(lu(;tors invol\'(‘d in eoiiverlIn,;^' leleplione imd ;ire iii.di'f 
fnini aei'hil lo iind.-reround sy.-lenis. Teh'er;i|di lines :ui<i 
sywtiniis of inean<l<‘seenl. lielit iny preseiil feu it <liHienhii’s i,, (lie 
processor Intryin^-, and none of a kind nol met with in dealiiii-- 
with IIk‘ sysleins lirsi menlioiied. 

The f.eleplion(‘ proi.lem is snlislanlially solved. Some details 
only reinaiii fo lie settled, anioiiy: whiidi may he mentioned (he 
hest^size id’ eondnclor, the most, sm-vieeahle’ in. nlalion, and (he 
ma.xinuim dishmee id' idVeelive .service lAr either yrminded or 

In Brooklyn, (he p,'eneral plan adopted i.s (hal (d' a cmidnit 
divided mCo ducks, (.hroiiLjh which cahle;. emdaininp from .sixty 
fo one hundred wires are drawn. 'I’he maleriid of iVie eondnif is 
for fhe^mosf part creo.soted wood. Ahont (en mile , of tInV is 
already in nsi^ in mir idly, and ahonf four and a half mile.s of the 
Dor,sett, concre(.e eondnif. Km- the exlmisiom^ of the imderpronnd 
sysfems lor the pre.senf year, only cren.soH-d limhm' i.s lo !„• med. 

Ainone- file les.soiis learned from mir experience are: ha. Thaf 
in creosofed conduits flic n.se <d’ cahles covered with ke'rite ai'iy 
similar rnhher <.r eaiffa pendia. compmmd nnisf he avoided, i/l. 

1 haf in the .so-ca,ll(*d lead (-overed caldixs, (he n.se of pare lead i.s 
akso fo h<> avoided, as if is slowly coiiverleil info a poroii.s ami 
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Ail allov of load, with liv(^ or six per cent, of tin seems to re¬ 
sist the di'st i’lioii vt ‘ aoti<*n. »>d. That the conducting' wire tirst used 
is to(» small for salisfactnrv teh‘|)hone servic'c. The difficulties of 
indnotioii ami rotardaiion hal to (‘oinplamits as soon as 4,000 or 
r>,ooo f(M‘! uf iindorground wiro was put in service. The cables 
that aio now hoing put in are made up (d* wires whose cross 
S(‘(*tion is groalo!’ hv om* third tha.n that, of the first wire, and 
thev are pi'ottsofed by twi<H‘ the thi(*kn(‘ss of insulation. 

! lumitionod the aboV(‘ eomdusions as having lieen drawn from 
oiirown e\pej*ie!M*e in Brooklyn. 

In eoinnameing our work wi‘ gathered such intonnatlon as 
I'ould b<‘ gleanerl from kx'alilies wluu'c; solutions of the ]>robleni 
had already be«m attempte<!. The impn^ssion so largely prevailed 
that in Ifuropi* all teleplauu' and tidi^graph coiidiuttors were 
undergrouml that our l#oa.r<l (hs'idial that a. p(U*sonal inspection 
of Ivuropean jystems should b(‘ made by om^ (d‘ our nundier. 
'rh(‘ diitv di*volv(*d up(m me. Tin* result of iny im}uiry has 
hnmi piddished in the s<*ientilie papiu-s. 

In ivgard to tin' burial of (h(‘ a.r<^ light wires, 1 can only say 
that no mellmd yiO tried sinmis (nrrtain of siu'cess. Most them 
eertainlv in.mire tin* d(^s^ru(‘lion (d' the undergrouml (‘onductors 
in from one to threts years, lull 1 liaAi* no doubt that «i solution 
of the pr.d.huu will soDU be reaclud. Although tlu^ system will 
b(‘ kept iipart from the telejdmiie and {elegra,ph subway, it does 
nut ;e*un I’krl^ that are lighi eomiuetors will 1 k‘ allowed ^in the 
same condiiil whli ndepiiom* wires, nor will tluw be distiabuted 


from tin* sann* man holes. 

In saving that I beli(*ve that a solidi(m<d tins jumhlem will 
soul! lie foiimh 1 do not mean timissert that (VisuaJties like tliat 
ruemitly reeorded of a, i!ian in the Howery, who lost his life hy 
grasping tln^ naked wire elose to aai air lamp, (am he pnweiiUd 
by at!V sysliun td‘ burying winss. To prevmit smdi rovee/ec/s? (it 
limt is tb(* fmm to las used), tin* a,rc lights must be buried with 


tins. wirt‘s. , . 

All past exp(*rie!iee t»*acbi‘S US to jiroeeed caaitmusly. Notinng 

(ain now pi*rmaueutlv clua*k the growth ol the telephom , tlu^. 

m* tlie el(‘idri (5 light; they ha-V(^ be(*ome maavssitu^s ot 

uur”ivili/,ati.>.u and any hasty nr ill-a<lvis(Ml enn.naanniit (.t the 
law to (MHivcrl. ul! aerial to undereToimd systems whmli should 
result in serious injury to iliem, wuuhl prove tlui surest way to 
pt:riHrt,imle the uuisaneei.f overluaid wires a.nd poles in the streets. 
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UNi)ERGBOUND ELECTRICAL CONDUCTORS 


Professor Plymi^ton proceeded 


The impression that I had received from conversations 
with people who had seemed to tnow, was that a large 
part of the telephone service of Europe was buried in the 
streets. I was partly disabused of that idea by an engineer who had 
returned from Europe just as I was setting out. I went to londoii 
I was furnished with letters to various engineers, by engineers and 
managers of telephone and telegraph companies and civil en¬ 
gineers. I first made the acquaintance of Hr. Preece in London 
and_ learned from him that the Postal Telegraph wires were 
buried in the streets and that some telephone wires were buried 
with them—enough for the service of the Post Ofiice Depart¬ 
ment. A telephone company enjoying franchises in London 
have run all of their wires overhead, as the manager informed 
me he could not put a wire underground without an act of 
Parliament.. They bought their right of way over the house¬ 
tops. There are certainly wires enough in many places there, 
i hey do not compare m number and entanglement with ours in 
New lork, simply because there is no such telephone service 
there, as we are familiar with here, nor is there in any other 
place. I had submitted the question as to the material of the 
conduits. He said that after going through a good deal of ex¬ 
perience they had adopted iron pipes for their conduits and 
drew their cables loosely through them. Wires were protected 
singly and then two or three, or ten, or a dozen wes were 
twisted together and pulled through the iron pipe-generaUy a 
three mch pipe, mrely larger than four inch. If it was necessary 
0 make connection at some point not contemplated before the 
pipe was put down they simply knocked a hole in the side of the 
pipe with a hammer and made the connection. When inouirv 
was made what they would do in ease of so many subscribers 
g any line of telephone conduit such as we have here in Hew 
1 ork, they said that problem was not yet presented to them in 
London. I exaimned the system in the streets. These pipes were 
buried about sixteen or eighteen inches, rarely as much as two 
feet, ending m little cast iron boxes about twenty inches by 
sixteen, and perhaps a foot deep, fitted with an iron cover 
tightly cemented. They sent workmen out, and I was accom¬ 
panied by Ml-. Fleetwood to examine the boxes. They had 
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(!i!tic*iiltv iii rjiisin^ oni* <n* two. 1 asked why they were so 
tii^htly (Momoiletl. They said to !v(‘(‘j> water out. I asked if 
that was n*a!!y tlu/ i»l1V(*t, 'Thtw sa,i<l tluy th(mi»*lit it was,, hut 
thi‘ first eo\‘(‘r llit‘V look tdf shoW(‘d me a box witli ahont two 
inela‘S of water in I lit* hothnn. In snhniittino- the (|uestion of 
mattn'ial fur a. ('(m<hiit tu Mr. Ih*<*ee(‘, 1 k‘ answan-ed that iron was 
nstal lHM\ausi‘ il would serve hett(‘r to |)ruteet their wires from in¬ 
jury whim ihv slrtats wina* due: 'tV workmen; piek-axes 

w<>uhi knock iwanwthin^' else to pita-es. Iie spoke well of our 
|)lan (d* eiHM)s<»t(M! timber, and took from aeascein his otlna^ a piece 
of an old eondiiit put down in iSbtk It had been in the oTonnd 
thirty <me ycairs. It came out perbadty sound. The cable liad 
(rivtm out yt*ars ao‘a It is known that tluyv l)ei»'a,n systems of 
teh‘<i:ru[>hy in lMirop<‘ by buryinixall tiunr wires. ddi(‘y tried to 
bury thmn aloiuc tluur iin(‘s of ra,ilwav ; adlm*wards du^ tliein up, 
and now their \virt*s across ('ountry are. on poles. They are Iniry- 
ine: in soiiu‘ places in tins <*iti{*s. 

1 visited 1 hnssels next, and theia^ found a,system ot a,re lie;htint>’. 
WiriuS W(‘r{* stretched alonu’ tin*, stiaavt. Noms wer<5 bui’ical. 
Telephone wiros an* oy<*r the hous(‘toi)s, the wiia^ b(uni>- in some 
(tasi*s a hard drawn eoppi*r win*, in otlM*rs a, sili(*on liroiize. As 
tlie luHJses are hi<i:k nnd tln^ house attachments ans hi<;ti, these 
win*s run pretty w(*ll up in the. air, and iis they a-re small, they 
do not aJtraet attention as they <lo hen*. That is the (*ase gener¬ 
ally tlinmghout Kuroya*. Tiny use a. small wire and tlie house¬ 
top fixtures are so high that they are not apt to atti'act atttmtion. 
A gisntleman <m the steannu-grayely told \nn that he had lH‘en all 
oV(*r hhiro|)e and di<l not see any wires in tin*, air a.t all ; he ktiew' 
t-hey were all underground. As tlu* ehiet ma.nagc‘r of t,he ttde- 
phom* systi*m was in Antwerp, I went on to Antwerp to get 
information about smdi t(‘leplione service as was under his eon- 
trol. That was Mr. Didtroob lie very kin(lly iTererl his tiine 
to ansWi*r as maaiy < jUesfions a.s I chose to ask. 1 t hought oi go¬ 
ing on to HbH’khohn lor the n*ason that I un(h*rsto<Hl the service*, 
was very good tlieny lart 1 learned from Mr. IleCJnrotthat eveay- 
tliing was put up under his dircidion, ami writh the ex<‘cption of 
tin*, '"fraim* work on the Imustctops everything in Htockliohn 
was <luplicat(*d in Antwerj). lie thought that no telephone 
wires in Muropt* wert^ niMlerground except those that weie in the 
S(‘W(*rs in Ikiris. lb* proved to I>e not quite eorre(*t, thongli 
piadty neurlv so. I asked ahout his hoiisetoj) corrnections. lie sahi 
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all tliroiiglitlie Belgian and Sciindinaviaii (-itics the wires weri'eii 
lionse-top lixtures. In Italy tlnw were im hraekefs iijidei- tJie 
caveK, for the reason tlnit the tiling ef tlie niuf dues n>>t su|iji,,|-( 
very kindly these immense wuudeii structures, d’,, jireserve 
sojne degree of coolness in their roul's they j>ut mi a, triple iiiinn' 
with little air spaces hetween the tiles, and it almust destruvs the 
whole roof to put up) awooden strnetnre. lienee, tluo- allaeh the 
frame by brackets under the eaves, 'riie style n|' the e \ ,iii will 
havean opportunity to see, as I have had these sysiems evtensivelv 
p)hot<igraplied in many places in Ihirope, .Mr. I h-f Icuui added 
that one company had emue there' with an electric lighting svs- 
tem and had buried a calile tur a shurt ilisfanee, with the in 
tentiou of lighting the strivt. It was all biiri.-d and 
they were nearly ready to start, whon tin* gas eumpanies 
came forward and proved that they alone had the right n, dig 
tip the street the right ot (•diiitl/.Tiifmu uf the street>, ;e. he ev 
pressed it. The whole ]ihint was lust ami iiuw lie- buried in the 
street, lie nientione<l as an inten'sting I'aet that he tried :i new 
plan along the shore of the Seh.'Idt. ile had pisl put up ,„ile 
of poles to support his wire. That was a p.'de line in Kun.pe 
that^ they telt ratlun- in-ond of. I had it photugraphed and 
received the photograph since. In Berlin the circnnislances arc 
not widdy (lilferent. There is a, wrics of lines under the nnmi. 
ci]ml direction and some imdei the dirccti.m of the imperial 
government._ There has I.een a little frh-tiun between the tw!,. 

The first official that 1 oi.iisnlteil assiirtalnie f bat all telepbmie wire'. 

\vere on the ]iouse-top.s; mairly all teii'graph wires were buried in 
the streets and at no great, depth, very iniicb like the wires i,, i 
<lo>b n. pipes, not far below the surface. The tlerman udhtarv 
telegraph is of a,nothor kind. That is I be Siemens cable t ru„,d; 
wound with an armor and buried withuiif miv other pruieciiun 
directly in the ground. The teh'plmne wires‘arc vmw abimdanl 
111 l.or .11 over the house-top,s. Then- is.piitea laugle'of ibem as 
.youwi l see by many photographs here. 1 chuu'ld mid ihai in 
i>n.ssels perhajis the most remarkable <lisplav of wires am where 
IS shown by tlic pliotograpli, wl.i<.|. is a line picture uf tbe'ir chief 

cat leilral, with wires spia-ad above ami r.muiug a lung .. 

to their support. In Herih, the housmtop lixniivs are ,vidh verv 
exeiisive. I never have seen any in New York wbiel,' were 
able to carry as many wires at mice ns thmse of lierliu. As the 
government eontrols tins placing of the wirc^, they are fiviiiieiitly 
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nil thiMr l>i‘s! l)inl«liMi>‘s an<! some of tlie very tine views 
across I heir l:iVo!*ite a\ (‘iiu(*s show these liglit iron tixtures on 
top of piilhio hiiihline's. The <litrereiiee l)etween the (xennan 
s(‘rvi<a‘ aiel I hat of liel^iiim, is tliathn (iermany the himseholder 
must siihiiiii to ha\iiio 1Ih‘ fixtures put on Iris house. He is 
pahh howevoix for lhoservi(*e. In Uelo’inm tliey make tlie best 
terms they can, atnl th(‘ t(‘l(*phon(^ (*oiiipanies pay at al)ont the 
rale of ten (‘on{> per \viri‘ per year for tlie use of the lioTise-top. 

{ )iH‘ piel lire ro|H*('si‘nrs t ht‘ eiaitral station in Turin where there is 
a i^i'i'af assemhla^o oj’ wiri‘s ('oininu; over the house-to|>s. In Brussels 
oiuMlilliimlty which M r. I )i‘( )root said liehad ex|)erieneed was from 
ihe dislurhanet* of the wires hy ani;‘ry citizens. The wires were so 
thi<‘k (hat lliey killed a e‘n‘at niriny carrier |)ie;e<ins. Owners of 
pigeons Would p:el anu'rv and ou up on th(‘house to|>s and cut down 
the wires, l*’ifly wires wm‘t‘ d(‘stroyed the <lay ladore. An old 
kidv Nvho owned a numher of pin;(M>ns laid cut them. 

( Vdo»rne has, 1 lhiid<, about liv(‘ hundred telephones—it was 
Aiiiritst. i sso, iliat 1 was th(‘n‘ a,nd h'ra,nkfort about four bun- 
dr<‘d. l*’our, li\r or six hundred is idiout the numlier for the 
cili<‘s ill central Mnrope. 

Ill Paris a dilTerent ('ondition pn'vaihul. I went directly to 
the electriciam I had letters from Mr. Edison and Mr. Vail in- 
trodnciutc me to M. Iku’lhmu in whose (diarge are all the tele- 
plioiie lines (d‘ Id’aneia I ask(‘d him immediately alioiit Iris nn- 
dmarround s\>lem in the siwvers, Ib; said, Yes, tliey are in the 
sewers, 1ml they ;\vv there h(‘vaus(‘ the sewers are rieht at hand.” 

1 askial Idni, "'’What <lo you do when you come to the end of 
vour sewers lie said, Then we come out and gx) to the liovise- 
tops.'' A little later he showe<l me a, wire <lrawn out of a sewer™ 
drawn riold up, fastened to llu^ side and drawn up to the houses 
whmxs it is waideth I asked him what was the [ilan in other 
Ih'ench citi<»s. lie ?aid flaw wert‘ all on the house-tops except in 
l»<uxleau\, wdiere ahoiit threat hundred suliseuabers ax’c turnished 
hy a system draw n thixme:li iron i>ipes, but the system is not doing 
vmy welh I s i. ited tin* siwvxuxs {ind walked along through them 
soiiii* distance. I notb'ed tlie method ot attaching. It was a lit¬ 
tle liook with a shank, driven into the wall overhead ; I could 
just rmich it with my hand. That waridd hold tour or iive caliles 
eacli as largr^ as m\' tlninda d hen* wordd lie twelve oi iouiteen 
of |.host‘ small eahies in a single oiu.^ ot these sewers. It was easy 
to make out the dii'tance of these cables as they branched oft, be- 
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eansc tlio Hcwcavs are very ennvenieiilly mai-keii ; tiic street cor¬ 
ner,s are iiuirked witli the name ol' the .streets. In re^-ard to the 
arc lii^'hting', 1 .asked him if he would |>ut the arc liyht wii-es in tlie 
saine sewers witii iiis tele|)hone wins, and he s.aid No,” v(‘ry 
enca'n'eticaJly—lie would not have them there; indeed, he did mit 
believe that arc lie-htini;- was e-oiiia;’ to [irevaii to anv iia-eat extent 
and then added, “ \\'e have less now in t his a\ eniie that von are in 
{.Vvennede !'()|M‘i'ai I han we had three or four v<’ar,s aico; we have 
re|)Iaced the arc linhis willi I he aa^ li.iihls.” 'i’hee'as lights are in 
i.tron|i,s., liveorsix burners in e.-ieh lani|). 'I'liere were no .arc lio-ht 
wins nnderai'onnd, .so Car as In' knew. I noticed while walk- 
inn' "'ith him jiloni;' the street that there were sonu- wires over¬ 
head. lie said tlmse were some o| the ilead wires not Vet re- 
tiio\’ed ; but he called the sn[leriiiteiiilent. \v ho was in sin'ht, and 
submit ted the .|nes|ion to him. 'I’he superintendent said no, 
that (he wires wtu'e o\(■I'he.'iii, as there \\;is no sewer in that 
street; it was a short street. Then M. llerthon added, “There 
are. one hnndi'ed snbscrdiers sersed that w.-iy," and ao'idn the 
snperiiilendeut interpo.se.l to .siy (hat (Imre were two hundred in 
Taris .served over hoiise-iops .solely. .M. Iterihou .added that in 
regard to (he telephone .service that heexpeeted to be able (om.X- 
teud it through Sp.'inish (a'li<'s; it was a franchi.se that, he was 

('xpectiii!.' I<> .. very ^.ou, but he ha.| made it a condition 

iiiat he should he allowed to e-o on hou.'-e top.-.. So 1 not but little 
iiifermati.ui with re-urd to (he best way of biiryiiyn udres until 1 
i-ad. baidc to Kuoland. when, a tier a short .4ay ami another eomsulta- 
tioii with the electricians (here, ! went on to N.-wcaslle. I wasa.s- 
siired that they were beoinniiio'|o put wires iiiider.nrouiid in Man- 
<'lH'ster. in went ihere^ I should .see that they -..e'l'e hnryin-n » 
cable III an iron jiipe. .Newca.stle eiijoy.s the repui.-tiion of iiav'iujsj;' 
al il.s wires un<lere'romid. 'riiey have a w nmi .d' Inm pipel^ 

I hey .'^erve .some threi' hundred or four hundred t.'lephone sub 

seribers by the ..' the wires controlled by the (iovernmeid. 

i hey do not study economy in the method of hauling- wires 
or in the use of them. 'I'hey twist their wire.s I...■ether .so as to 
b> estiddi.sh a, mctaliic circuit and run from their central station 
to lilt‘11* ('usf.onKdrs, 

1 had n'ot this estimate from both M. lierthonand .Mr. Preece; 

Ibid, whmi the umler-rouml system was fully at Work with ca.ble,s, 
till' best (ha.t they knew how to make, the limit ot .service would 
be aimiit ten or tdeven mile.s tindergrouud. 1 a.sked if it would 
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Ik^ to run furthur than that if the came 

out of thi^ utouih! at that <lista,nce. They said tliat was dordit- 
ful; it was a. qm'stioii not solved. M. l>ertlioii gave twelve 
miles as a,bout th(‘ limit vvhi(*Ji it was possilile to send a teleplione 
messagi^ through anvthiug buried in the ground. I riientioned 
that to tlu‘ (*le(*{ rician who wa,s assigned to me by Mr. Heaviside, 
thti b(aid <>f the 1 1 ‘!<‘j>bon<‘ si‘r\'icai in N13\vH3astle, and 1 le sa,id, ‘‘ 1 
eajuiet <|uite a(*e(‘|U that isstimate, aiul 1 think t will give yon an 
opportunity to refnte it.*" So he eonnected ni) a line for me to 
expm‘iment with, whi('h lu‘ sai<l \va.s a, line of twelve and alialf 
miles ol’ eable what hi3 (*alle(I cable, that is, a lot of wires 
twist(‘(i togetlnvr in pairs, twisted a. little way in one direction 
and tlum twistiMi in the o|)posite direction. These pairs were 
l>ui togi‘ther until tlna-e would he aJauit a dozen or twenty and 
thiu} they wra*(‘ pulie<l loosely tlirough tlie iron pipe. At the 
eu<! of the t.wt'Ka* ami a, half miles the wire came out of tlio 
grouml ami <*omieete<l bu* about thirty-eight miles furtber. It 
was lifty miles ami a, fraction through which lie said the tele- 
phom‘ S(‘rvit*e (sxtcmhMb ! <*oul(l converse tbrougb tluit, tliongh 
1 found bitliculty, wlicr(‘ an expert worker at tlie telephone 
would not, I (‘ould (amvm-sc through that when the conditions 
vveri 3 ex<*eptionally fa\orahlc. It was in a. [ladded room and the 
instrmmMit was in pmdcid. working condition. I had no ditliciilty 
in (/.onvm'sing thi’ough tha,t twelve and a half miles of cable and 
th(^ aerial line up to lifty miles. Such telephone service as they 
have in Nmveastle would hardly answer the purpose where there 
are so manv usi*rs as wv* ha,\a‘ hcri3. I aiskcd how' they increased 
the number if tla/y had any additional siihsi^rihers—how could 
tluw' pull more wiriNs into the iron pi[)e that laid a twisted tangle 
of wires alrtnulv in it. He said they pulled the wliolc bundle 
out aaid smil tliem to hea.d<pia.rters-H l^ostal l)e]>art<ment - 
a.ml they furniditai them a- new lot. Economy was not con¬ 
sidered.* said tlH‘ ({overmm3nt owned the whole thing. 


OIS(3UHSIOM. 


Mk.. 4. A. PiiWKits: As ii ciuitra.l ntatioii opunitor, 1 .should ho 
^i-'Iiid to ask if thcro aro aaiy ai-o li.n'hl, wires hiiricd inidorground ; 
what is the. hoiu'o.st liuit' h»r which such wires liuvc l>ccu huiicd. 

Up to tht‘ Iu'i‘sent time t 

PuoK, I’l.-i MI-TON : 1 (-auuoi, tell that. We liave had no expo- 
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rienee of tliat kind in Brooklyn. Tlie arc liglit company ap))carK 
to be ready to ti-y experiments when they see their way clearly. 
We have been more interested in getting the telei)hono wires nii- 
dergroimd, because they outnumber all tlie others. 

Mr. Powers : Tliere seems to be in this matter a very griive 
misunderstanding by tlie public about the danger of the electric 
light wires themselves. I have kept a chjse track of this siibjec-t 
since there has been some agitation of this underground question 
at Troy. I have also kept close track of the accidents i-ecmitly, 
and 1 liave noticed that four out of five do not occnr from the 
electric liglit wires directly, but from the coming down on tlus 
electric wires of, I think, [U'incipally, aliandoned wires o\’erlma<l. 
The nuisance has become so great in dh-oy that a law was recently 
passed by tlie Common Council re([niriug the city engineer to 
remove those wires, and there is now a mutual action of the tide- 
])hone, telegraph and electric light companies to see to tlu! re¬ 
moval of tliose w'ires. We had one accidmit a short lime since. 
An abandoned Atlantic and Pacilic telegra,|)h wire Fell down 
across ours ami killed a horse, through, no |)rime fanlt of tlu' tdcao 
tric light company. If we can get the telegraph and t(-l<>phone 
wires underground, which seems to be ])o.ssible, we shall have, if 
the recent accidents are any criterion by which to judge, fonr- 
iifths of the danger removed at once, atid I think that the ijnes- 
tion of danger will then sink into (aunparative insignifiiauKa,*. 

Mr. C. O. Maii.loux: I would like to ask Ih-of. rivmplon if 
he lias any (lata regartling the working of the undergronnd sys¬ 
tem at Chicago. 1 believe the nmhsrgronnd system has laien 
working there on a coiiBiderable scale. It might be interesting 
lor him to tell ns whetluir he has any ptirsonal knowledge r('- 
garding it. Mis treatnumt of the underground systems in Kiiropt! 
is certainly a very masterly, and thorough and comprehensive one, 
and there is hut very little for us to say either by way of coni’ 
ment (.)!• otherwise. But it is (|uite evident to the minds of ns 
all, that they have not done anything in Murope tlnit we can 
safely and conscientiously recommend for our own |m,rticnhir 
cases, becansc not only are the systems more, numerous in tins 
country, but they are also exidoited on a much larger scale, so 
that a remedy which might be ade(|uate in Kurope would not be 
adequate here, and for that reason I would like to know wind. 
Pnd'. Idympton inay liave learned of systems which are promis- 
iiig BUcceHS in tlug country. 
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Prof. Pia'mi*ton : — I visited (lliicago and was veiy politely 
received l)y Mr. Barrett, who is siiperiiitendent of the work there, 
lie said that he l)e<>;an l>y foi‘niing an agreenuait with various 
coin|)anies that tliey should bury theii’ wirc^s as fast as he l)nried 
the wires of the city. lie is City Electrician, lie aJlowed the 
companies to select their own conduits, s() that, taudi (a)mpaiiy has 
its own. They have telephone wires, telee;raph wii*esand iinder- 
ijj^roniHl electric lii>’Iit wires lor some piirpos(\s. ^riuMa^ is no muni- 
ci|)al street lightin^L^’ in Chi('ai»;o, or was not a,yc‘a,r a,i;‘o last E(‘brua,ry. 
Some theatres an<l buildinti^s are liglited, hut the wins run 
throui^’h ('onduits. 1 hat was the case whm‘e one ol tlui {'omiiiits 
took tire. I wi’ote to Mr. Pay and asked a-hout the tcdeplmne 
servic(y to learn it they laid sullertal troni induetioii owini»’ to [prox¬ 
imity' 1,0 a,ny ot t,hc:sei otlna* wir(\s. "^riK'y laid in sona* (‘iistxs, 
lairmonic systtan of tol(yra,phy laid (aHaitetl some diirnmlty 
thr(>u^i;‘h its in(lu(l,ii)n, an(i th(‘r(i ha,d h(‘en (aanplaints, Imt iiais- 
much as caoh company laid siVlectei! its own eondnit, and buried 
its wires in its own way, tlnvri^ was not imndi to e’atlaa* about a 
^•(uuu’al s^'stem ot huryini;', of i>’(‘ttin<;' them info as ('ompael shape 
as could be done. Iiahaul, standini;’ af. one of tin* sti*eef (*oruers 
onc! of th(i id(‘ctricia,ns |>ointe<l out to na* lifttavfi man hole covtus 
in si^ht tit the jumdlon of two stnads, all within a, radius of less 
tJian sixty' tiud-, 1 hey laivi^ there a short way ol luakiny (sjuuec- 
tion. Their soil is soft, li^'ht sand. Tiny take a s!au‘|> pointed 
l>il)i‘and drive*, that pi|)e ri<;iit across ila^ sire<*t, if flay want to 
naike a- house connection. It may turn out in tin* nu<ldle of the 
track, and then they j)ull the pipe mit ami sta,rt. a^ain. 

In re^a,rd to getting information from other sources, the remark 
made by Mr. I^irrish in Ijondon was sioniticant. lie saietj If I 
had bian a,sk(*d aJpout tlu^ hi‘st pkna* to <4*0 to learn about um!(*r 
ground sysbnns, I shouhl luivc* said tlu* Unite<l States. We liave 
none here.’" I found thal to be tin* (sast*. Tiny can <*oine ht're 
to It^arn U/hout umh*i*groun(l systems. ^I'lny cannof ov(*rtake our 
ra|)id devclopimnt. 

lino (hiAiRMAN.* Unless tlua*(’: a-n* sonu* otlu*r rmnarks we 
will I pass to tin* eapiisideuntion of tlumuext papm* ''I'he Patmit 
Court and Uniformity in Patent Praidaeav' i^v Mr. Cmrge II. 
Stock bridge. 

IVIR. Smapok nmtpo 10; \ on will rimnanber that some timi* ag(p 

M,.r. StA‘uart, rt*] presen ting tho National Ehatiric l.ight Assoeia," 
tion, ixmAl a jpripci yoig in which In*, pointeel out certain 
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reforms that were regarded as necessary by tliat assoeiation, and 
there was, I believe, a discussion here of tlie refoniis tliat were 
pointed out at that time. I believe it was the design of tlie asso¬ 
ciation to present bills to Congress einl)odying the reforms sug¬ 
gested by Mr. Steuart, and embodying tliem in a revision of tlie 
Patent law. That scheme, however, met witli o])i)osition from 
some, and instead of that, two bills were jirescntc^d l)y the asso¬ 
ciation to Congress, and one of tliern provides tliat a [latent e<>iirt 
be established to have appellate jurisdiction from tlie (^iimmis- 
sioner of Patents in all rejected cases, and tlie other is that tlie 
Commissioner of Patents receive a salary of $S,000. Mr. Steuart 
asked me to prepare an argument to lie submitted to tlie Jiidii^i- 
ary Committee, before wliom tlie bill on the [latent (*onrt now is, 
and I prepared such an argument, taking ratlier a narrow [lointof 
view, so as not to interfere with diirerent arguments that were 
to lie made tiy tlie otlier parties. 

Mr. Stockbridge then read the following ])<a[ier. 
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liv (JKoliGK !i. s'r<KnviJu,nx;K. 


In l)c(*(nnl)(‘r, iSSn, Mr. Mon[.<;’<) hum* ilion (^Mnniissionor of 
I <it(‘nls, rtiinhoH'd m dtx'ision in tlit‘ (nisi^ oI ) oiUKf in which h(‘ 
held tliMt a |)ro(H‘ss jind prodiK't, or any t wo ‘‘MvindriMl jind auxi¬ 
liary invaadlons inia’hI- h(M*hiinitMl in th(‘saiiu* ap|)li<'ation. Idiis 
deeiKion was a riwiprsaJ ol his |)r(‘<j(‘('(*ssor\s jnda'nitail in u,/* pdrii 
BUjthr {(). I). ISS.\ jutav S2). Wlaaa^a-s ihilforworth had 
lield that; hy eniployine;’ tlu‘ lani^aia^v, "^arl, rnuuddne, niannfan- 
tun^ or (‘oinposition ol inattu‘rd' (-on^’i’i'ss had doliiHMl in tia* law 
itself (HPrtaJn distiiad <dass(‘.s of invandion, Mr. Moiitu;unu»rv deni(‘S 
this, in (diet'd and holds as follows: Invtnitions may la^ dislinet 
and not; se|>a,ra,U‘ and indejHanhmt; even if so dislimd, if tht'V 
dejiend U|)on taieh othm* and nuitnally eonlrihnte to prodnt'e a. 
sin^hi r(‘snlt, if thtyy are Mdndn*d and auxiliary,’ if tlaw art'in 
tluvir luitnre or oixn’ation (‘onneeted ioi»*e| ht'r, if t luw are eonnet'fed 
in tludr dt'sipuind o)H‘ration, Maw may heelainua] in oima |Kdtmt;’ 

The ofli(H‘ praetietA undta* l>utt('rw(»rth had Ikhui to dmiy tin* 
ri^j^ht of inva'idors t.o (daJm a pro(M*.ss aaid a produtd, or a. mac'him^ 
and a prothad, or a- matddntA and a proet'ss (loi* tliesit ^touiks ha\'(^ 
always sttHal on tin* same hxdinap hi tluA sanuA ap|dieation. IduA 
Jih/f/h'. diadsion did not ij:(> so far as to warrant this in dirtA(*t Ian 
^niae:<a hut it was aT\'(An tlmt s<*oih^ hy tluMiflieta 

Now, wlien tluA MtnitpninAry thadsion in }"ev//^y\v (*as(* wan 
|)uhlishe<i, all (his was <'hant»’(Ad. I his thansion also was iii"" 
terprtd.tal soimwvlud dillVrently from what its laMaam,uH‘ would 
justif y, hut it led lo tho praediee of tannhininiJC in a sine^le apirli- 
ca-tion dupli(*al(' stds <d'<dalms on the liutAs indieadtah ddiis |>rae- 
ti<a^ ('ontiniUMl laairly two yt^ars. During that tinn? applieunts anil 
tludr attormys lihal, w<‘ will say, a tluaisand eases having (Aiaims 



uo 


TUB PATENT OOURT AND UNTjrORMrn 


based upon the Yovm,g decision. Tin's was done wiMi the cleiU'- 
I est warrant, which was-the office inter] ir(!tat.ion of v.f piuTr 

Ymmig. 

On Oct. 19, 1887, Mr. Hall, the ])i‘C5sent ('onimis^^ioiier of 
Patents, took up the same sul)ject and rendered a decision r,;- 
jMrte Herr O. G., jmgo 4(!;')), in wliicii Ik? sa,_vs: “It innst 
be regarded as settled by the very highest authority tliat. an ap¬ 
paratus and a |)roeess arescjairate and distinct inventions. dMua'i! 
is no requirement of law that they innst or ought to hi' conqiro 
licnded in a single patent, while there are nia.ny reasons why the\’ 
ought not to 1 ) 0 . A claim tor a nuwliine or apparatus and a. 
claim for a ])i'ocess should be |)rosecnted in sepa.rate applications, 
and each, when allowmd, should he comprehended in a, single 
patent.” There was no mistaking the meaning of this la-nguago. 
The result of it was that attorneys were notified, in the thonsaml 
cases 1 have mentioned, that the claims, or some of them, which 
they had tiled in good faith and in accordanei'with the praelice. 
of the office, innst be stricken out. 

A secondary result was that inventors began to ask what theii- 
attorneys meant. “You told ns,” they said, “that we could 
cover both sets id claims hy a,single patent. What do _\am mean, 
now':! Js this an attempt to squeeze ns for another feeV’ Well, 
of course, we had to e.Kplain. I>nt the invenlors llien asked, 

“ What does the OJjlrr mean ? Is it [xtssihle that after lifty years 
no settled practice on this point has liecoine established i ” ’ We 
had to answer, JSlo. And in answering my own clii'iits, 1 wash'd 
to consider just how safely such a statement might, he madi', and 
the result wnis the present paiier. 

Mr. Commissioner Hall e\'pre.sses it in this way: “ 1 approaeh 
the consideration of such a ijnestion with tin' greati'sl, hesitation, 
it is one that has kmpt the attention of the ollice from its founda¬ 
tion nj) to the present day, and during the entire period then' 
have been constant changes and variations of opinion on the part 
of commissioners, contrariety of decisions and diversified rules.” 

I have not seen fit to go back farther than eigidnen years, dur¬ 
ing which time there have been eleven commissioners of palents, 
and four or five acting-commissioners during the interi'gna. In 
1870 Mr. Commissioner Fisher made a decision in case'lld' W!l 
Unm Lowe (C. IX bs7(), page M). In this ease the invenf,or, udio 
liad Iieen allowed claims for an ajiparatus, sought to obtain a, sei'- 
ond patent upon the process which was conducted through his 
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aiMjaiiilihs. ln^<!eci(linf.' tlie ease ui. ai),>ea], Mr. Goniniissioiier 
iMsIier said: “The lirst, answer to tliis elaiin is, tliat it eaiuiot 
form the suhjeet: of a, sepaavitu [.atent. J t is not a distinct and sepa¬ 
rate part (d the tliin- patented in the orioinaf. The fnrtliest |>oint 
to which the division ,d‘ inventions has heen pnslied lias been to 
"■rant one patent tortile process a,nd another for tlie product of 
tha,t process. Sucli pafeiits have, with some hesitation, lieen sus- 
lamed {(JooNiirar 1! h'isher, 15(1; (uHHhmtr'm. 

Ho///, ;! ^Fisher, 211; (!i„„hj,<ir v.s. Proridntce h'lMi'r (Jovi- 
2 Fisher, oIO), but upon the express o,-,mnd that this was 
a^matter coiilideil hy law to tlie discretion id’ the commissioner, 
but I have never known one patent to issue for a machine and 
auidlun- lor the la.w or prim-iple by which it operates. The 
meidianism <d appiieani is oi no possible vadiic except to carry 
out tins process. Aside from this it pos.sesses no |)atentable iitil- 
ity. 'i’he process is of no avail unless carried on through the 
nieilinm of inslriimenlalily. (Murton /w. A',//' York /A/c ///- 
Uriniirij, 2 I'isher. .'ly l.) It would be idle to sell Ihe patmd for 
the nieelianisni and withhold lhat which covers its lee'ilimate ami 
only mode of operation. Separate patents f.,r pro<-esses and pro- 
dnels have been jiistitiial upon the e-roiuid that the proibiet 
miefit be imported, and a patent fertile [irocess wmihl oiv(, ,io 
pi'oieetion; bill the inaeliiiie and its mode of op,>ra.tion eanmd; lie 


i\lr. ums n man nl v(*rv jM>sillv(* opinions, and lu* 

ii'i doubt reeurdiny his views on the suhjeet. Ihit the views of 
his immohale sneei'ssor, Mr. I,e,uo-ett, are very dillVrent from his. 
(See .Uornn/rx. H'///, ;•/<■/(, ('. 1). bs',';!, ppp |I,. d,.,^Vf; 

diametrieally opposite ..elusions from dudoe Glifford’s decision 

in I'.s. !*roi'nl, iii-i Itiihhrr Ciiiii/KiHi/. Admitting'that 

ilH| (dliee jiraeliee allowed a “ nuudiine and its |>roduet to be 
claimed in (he . ame application anil out in the .same ]iatenl,'' 
he Minis up a/i lollows ; “ Notwithstundinc'the precedents wl 

exist, and adinitiiny that such a practice as they indicate, if 
sirielly eorrciU, is md fnfnl to the validity of patimts, I th'"''- 
limi' has come w hen, leax inoout of consideration the pers 
ol the patents them, elves, and the revenue to be derived 
the law for exaniiiiMions, a proper elassilicaliou in the oil 
as to faeiliiale examiiialions and prevent mistakes in the is 
patent:;. rm|nire,., that proee.sses, machines and their irrodu 
presented for patent in .-eparate applications.” 
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Mr. ljei»;gett resigned liis otHce in October, 1ST4, Mini on the 
23(1 of that month Acting Commissioner TIuitc'Jier, in the (*ase of 
Chanhl}e/U 7 i (C. D., 1874, page 111) says : All that c:m right¬ 

fully he (claimed in this a])|)lication is the machine and the link 
l)lank, wliich is the product of the machine." Here is plain evi¬ 
dence of ditfercnce of opinion. Mr. Tha,t(*hei* evidmitly knows 
luvthing about a proper classiti('a.tion in the olfKa^ rcapiiring tluit 
processes, machines and their products be |)resent(‘d ioi* pafent in 

separate a|)plications.'” 

I iiiid no positive judgment of Idiatcher on tluj subj(‘et, either 
while Acting (•ommissioner or later, wlam (^)nimission(‘r, nor ol 
liis su(x*essor, Mr. I)uell, although Ouill (h'als with a case iti 
whi((h ])rocess and |)i*oduct (daims are combined, {/a/^'.sv’c, (k 1)., 
1873, i)age KM), without advau-se (‘omment 
The next dc'cision is that of I)oolitth% A('ting (kunmissioner ill 
1877, in which he demands a division ol tla^ ap[)li{aition of 
Jmiker and WtYf, on the ground that ^Mh(‘ a,rti(l{‘ is not mams- 
sarily the result or pro<lu((t of the? action of th(‘ machim*."'' ddiis 
is in some sense a. lonuainner of Mr. Commissionm' HptaiCs d(‘(*is- 
ion in 1878, which introdmaal a, mo(U‘ of triaiting such ca,S(^s 
tluit prevalhal for sev(u*al yiairs alter him. liis Ia.ngnag(‘ is: 

No riik^ of universal a.ppli(*ation can bt^ given for this class o! 
caises, niorc^ than for any otlau’; but in (xach cas(\ as it (‘onnrs u|> 
for consideration, th(‘. impiiry must b(‘ madc^ whetlnn* the pro(a*ss 
or macdiinc and the produ<*t:s therc‘of a,ri‘ so st^paratt^ and distinct 
tliat tluyy must be calhal indepmuhnt inve^ntions."" 

Tliis do(!trine was aHirnnal by Mr. Paine in various dtansions, 
notahl}^ in 117///c>7/c4 n/n/he us(‘s this languag(K 
If the machine and the manufacture are so relate ! that tin* for 
nuuM'aiin()t <>p(‘rate witlnuit producingthe latter ::Md tin* lait r 
(*-an only lie produ<*ed by the fornnu', both may bc‘ uniit*d in oin^ 
palent; luit this is a,n tixci^ption to thi^ geuiu’al rnhg wludi for¬ 
bids tlie joinder of the machine audits jiroduet in om; a|>p!iea 
tion. 

Mr. Commissioner Marlile, in //nvevo/'/and 77it*/'ii (2*’ KK C., 
jiage 1,8P1), apphmds the doctrine of his iinnnaliale pr(*<h*(*(‘SHor 
and lets each (*asc stand upon its own imnat llien caiin? tln^ 
Putterworth dedsion to wliich I have alnaidy allud(‘d. lie re* 
gards art, macliine, manufacture and composition of matter as 
statutnry of invention.'” Hupposig” he addsAMhen* 

be iiivirnteci soiiietlurig in an art, (>r, as it is (U'llinarily tadhal, a 
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process, also a niacliine for carrying out tlie process, and also the 
manufacture or article which is produced in the operation of tlie 
process by the machine. Tlicre CiUi he no doubt but that the 
statute calls b)r three ])atents for tliese three things. It makes no 
difference if they are invented simultaneously or successively, fry 
one man or by three. Their inde])en<lence remains the same.” 

Now let us see what, changes of [>i'acti(!e have been introduced 
by the vaiums decisions to which reference lias been made. 

Mr. Fisher’s de c is ion soon IS to liuvo a new depart are iiiid 
to liavc altere<l tlie [irevioiis praetiee of the otHee. At all events, 
it tixed tlie jiractice innler his adniinistration and made it a posi- 
tivci reijTiircirieiit to eomhine elaims fera nnicliine and its jirodiict 
in the same apiiliiaLtion. 

Well, what lui|)j)ens m^xt '^ Mr. Ijeij;-i>’ett demands that such 
claim shall he sepa.ra,t(*d, to ra,<dlitate tlic^ work of examination. 
That is chan<;*e No. ii. 

Mr. Tliatcdier aiud Mr. I )iicll ajipear to laiv(‘allowed tlie two 
sets ol chiinis to he ('omhined, thoni;'h 1 lind no didcision of theirs 
directly (.)n tla; point. Il l jn<le:(‘ rightly of their prac,ti(,a*, it 
rmiy he rt'o-irded as (‘oiistitutini»* (diaiii^'c No. 

It is certain that Mr. Sp<‘a,r and his succ,(‘ssors, Mr. Paine and 
Mr. Marhle, IoIIowimI the pra.cf;ice of settling; t^ai'li case accordini»’ 
to its own circiimstajKuhs. (t‘dl this ('Jia.no-e No. 4. 

Mr. llutterworth returneil, in elTect, to the pra.ctice of Mr. 
Ijcggctt (clian^e No. 5); Mr. Montii;omery; in eiTect, followed 
Fi si 1 e r (c 1 la1 1 5 No. < 1), a 11 d M r. 11 a. 11 I a* is 11 o w' h r< > 1 1 g h t hac4< 11 1 e 
IjCitgett decision, thus introducinga^ain a, diifei'cnt |)ra(dice from 
that of Ins j>r(‘decessor in ollice (clian,tj;*(‘ No. ’7). 

1 helieve that- if (xich (hnnmissioner ha-<l ma,d(^ himself the author 
of a new ])ra-(dhaa there would ha,ve heen tln*ee mort‘ changes than 
have actually taken phic(‘. Ilowevm*, 1 do not think more could 
luive heen exiieitisl. KTaJly, this is vm-y serious matter. Ida? 
ajiHumt of a-iimwanee a.nd hardshi[) imposed upon in viaitors iri the 
way ot umuaahssary delay and exptmse is in tia; a.ggacgate very 
great. I ha-ve no disposition to exjU’ess an o|)inioii as to which 
one, or whctlu‘rally oniy oi the (lommissioners has heen right in 
Ins judgment on the matter in <piestioii. I have no doiilit that 
the deiasions in eveiy easi^ have heeai <lra.wn up witli a consiaeii- 
tious regard to tlie responsi!>ility of the olliee from which the <le- 
<uKions (‘inanated. Put 1 do thiuk that iuveutors a,ml all who are 
ini(‘re<ted iu inventions, have a, right to protest against the <‘on- 
tinuaiu'e. of a system which admits of and iiivites siicli an just and 
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arduous practices. It would not matter so mucli wliat tlie prac¬ 
tice was, provided it were uiiiform, aJtIi()Uii:li of course it oiii^ht to 
be riglit and fair to inventoivs. But witlioiit uiutorinity it is 
monstrously unjust. 

Lest it be tliouglit tliat I liave selecte<i a peemliar (lass of (aises, 
I may hasten to deny it in advance, Jind may add that the ofti<a‘ 
practice Inis l)eeii fre(jueiitly altered oij imiiiy matters (pnt(‘ asiite 
portant. Take, for exanri:)le, the (|uestion wlndlua* m<>r(‘ than a 
single claim may 1)e made in a,n api)li(*ati<>n lor a patted en a, 
C()Tnpositi()n of matter. At least two commissioners ha\'(‘ answtaaal 
no, and at least two moie have answered yes. And so with many 
other cases. The mere faxd that appends hav(‘ htuni taktai to sm'- 
ccxsvsivm (J()mmissioners on the sa-ine snhjead indi(*at(as thtM*<»nditi<m 
of alfairs in the oflice. 

What is the remedy for this evident evil ^ lln* best namMly 
yet ])roposed I (‘oinreive to he (‘ml)odi(Ml in th(‘ hills r(a*ently laid 
before Congress by the Legal (kamnittcHM)! tlu^ National Lh^d rit*. 
Light Assocaation. One of these hills [)rovid(‘s tied, tin* sal¬ 
ary of the (Commissioners of PaUnds sliaJl lx* a, 

year. I a,m not sure that the ena,(d:m(‘id <d‘ smdi a hill would not 
do away with two-tliirds of the evils of th(‘ pr(*sent stut(‘ of alTairs, 
It is i)roha))le at haist that we sliould not lmv(‘ (‘i(‘Vi‘n ('ommis- 
sioners (d* Pateid;s in eighteen yisars, if the salary wtaa* 
and with less frecjuent elumges in tlu‘ head of tin* onie(% tlnna^ 
would he ne(HNssarily less fre<pient cluing(\s in the olli<*(‘ pra(di(*(‘. 

I>ut there is still ginater |)romise in tin* otlnn’ l)ilL whiO} pro¬ 
vides for the estahlishnnmt (d* a. Coiirt of Ihitt‘id A p|M‘aJs, whhdi 
shall ha-ve api>ellate jnrisdhdion from th(‘ (danniissionm* td’ Ind¬ 
ents ‘-^in all <ais(3S tomdiing paten tain lity of in vend ions, pritnnty ed' 
invention among seven-al daimants for patent on tin* sann* inv(‘n 
tiou, and the/hn/ovV/ pnull(u^ ()f the ICuteut C/Zovl'' 

Huch a <*.ourt would Ih^ in the nature of tin* east* a. (*oidinning 
body, and its de(*.isions woidd he little liahit* to dsangy. Tin* on 
actinent of the last claus(‘ <pioted would giva* it tin* prop(*i* juris 
diction, and set up what has neviU’ been std, up iHdVna* in eonmn* 
tiou witli the Ihdxnd; OtHce- a controlling a.nd eontinning author 
ily, goveriung the aedions of the Commissi(nn‘r, aiuL through 
liim, of the primary examiners. 

Tiik CuAiKMAN : The ncxt papid'will h(* hy ProL(h*org(* S. 
Moh:n on ^^The Bwinging Arm (}alvanonn*t(‘rA ami in hisalmnnM* 
will be read l)y Frofessor Nichols. 





















A SWTNGIN'G ARM GALVANOMETER. 

BY (lEOROK S. MOLEB, A. ;B., 15. M. E., CORNIDLL UNIVEBSITY. 


riie ol)jects soiiglit in tlie coiistruetioii of this giilvanoineter 
were n])])l ical)ility to a great range of currents, accuracy of indi- 
catioii and portal)ility. In passing from the nieasnrement of 
large to tliat ()t sniall currents, iio cliaiige in tlie apparatus is 
necessary, and, still througliont a wide range great sensitiveness is 
xiiairitaaned. 

lliese ends ai’c attaine<l !)y making use of tlie fact that tlie in- 
iiuence ol a< current on the magnetic needle varies with change of 
distance a,nd with the angle wliich the plane of tlie coil makes 



with the liorizon. The principles nf the sliding (^oil galvanom-^ 
etexr and of Obaolds cosine galvanometer are thus comhined A 
movable arm is hingeil to the l>ase of the galvanometer 'FUk 1 
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and carries tlie coil, wliich is attaclied to its outer end. llie \ 

lengtli of tlie arm is such that in the vertical ])lane tlie needle will 
l)e in tlie axis of the coil. By means of screw clani])s, the hinges 
are made to produce friction enoiigli to hold the avni in any re- 
(juired position. 

When the coil is lironglit up into tlie verticail plama it is very 
near tlie needle and a small current will [irodiKa* a dthlecdaon. In 
this position, which is that of maximum sensitivenc‘ss (since the 
distance is a ininimum and the angle which the (‘oil mak(‘S witli 
tlie horizontal plane is of an ampere produces a, (ke 

ilection of aliout 8 mm. 

As tlie arm is carried down toward tlie horizontal jiosition, 
greater and greater currents must 1>e einiihn'ed to ivroducii the 
same effect.' The position of the coil can lie rc‘ad u|>on a. gra,dil¬ 
ated (jiiadraiit whicdi passes through it, there Ixmig a pointer at- 
tacdied to the (*oil and extending inwa,r(l to tlu^ gmduations. 

The arm consists of two i)ar;ilk‘l bars of va)])\ma, tiaaninatingin 
tlie two hinges. These.' a,re insulated tioni ea,(‘h oIIku’, and from 
tliein two ilexihle (‘onductors are caj‘ri(Ml to tiu'. (vxtrmnh.y of the 
base; after that they are twistcal togetlun* lor a, distaiUM' of about 
()n(:mneter, and einl in a. block to whi(^h two large' binding-posts 
are attached. 

Tlie coil is mad(^ of U/ (‘.opper rod S.o mm. tliit'k, and its outside 
diameter is 7b.5 mm. The radius of the graduated puadrant is 
343 mm. audit is divided into twentieths ol an iiudi. l ra,diuB 
(>f tlu.blanip~^^^^^^^ is 381 mm. s(*a.k‘ terms thi‘ arc'ol a circdi^, 

liaving the galvauometm* mii*roi" lor tlu^ ('(‘utna Its Imigth is oOO 
inm., and it is (auuposed of ]>aper riaidma'd siuni-transpaaamt by 
being treated with castor oik 

The needle is shown in Fig. ± It is a. Indhshapial magiad 
cavrryiug a mirror, whiih ca.n bi*. r<»ta.ied slightly upon tlui sus|Hm- 
siem rod for tiuj salvia ol a^djustment. 

The needle is sus|Kmd(*d by meaais ot a, limt silk libn*, and is 
piriweiited from making a, <*.ompIete r(oa>luti<m by nu'ans of a 
stop. Its nuitioiis are (lainp(uual in tlie usuaJ maamm* by tluoao 
tion of a surrounding (*yliud(*r of (‘op|Hu*. 

The rays of light from a. small ga,s lamp, shown in Fig. Kaftm' 
passing thniugh a kais, are ndli‘ett‘d from tlu' mirror and llum 
fall upon the siaiha When the jilaiumd'tlie swinging <*oil is in 
the magm'tlci nnuhlian, and no eurrimt is llowing, the spot of 
liglit will fall at the cmitre of the scale. The lanip and s(*ale are 
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attached rigidly to the body of the instrument for the sake of 
rigidity, and to avoid the necessity of repeated calibrations. In 
the lamp-case is a small circular opening having a fine vertical 
cross-hair of platinum, and the lens is so placed that the image of 
the cross-hair is sharply defined upon the scale. All parts of the 
scale being equally distant from the mirror, as shown in Fig. 1, 
the definition of this image is equally good for all deflections. 

The swinging-arm galvanometer is especially designed to be 
used with the method of constant deflections. Fy carrying the 
coil up from the horizontal position, the spot of liglit will be de¬ 



flected more and more, until the image of the cross-hair is made 
to coincide with the chosen mark upon the scale; the position of 
the coil is then to be read and the current found by reference to 
a calibration curve or chart. In the measurement of feeble cur¬ 
rents the chosen point on the lamp-scale may be near the position 
of no deflection, while for stronger currents it may be further 
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From this eurv'o tlie currents for iuterinediate positions of tlie 
coil may be determined and tlie degree of accuracy of wliicli tbo 
instrument is capable may be estimated. 

The Chairman read the communication from the Secretary 
of tlie Electric Clul), wliich had been presented at the annua! 
meeting on tlie previous day, inviting members of the Institute 
to visit the house of the Electric Club. 

Tiik CuArRMAN:—I have another announcmnent to make in 
regard to Mr. Tesla’s motor. I believe that this motor—Mr. 
Tesla ca;n correct me if I am not right—is the first good alter- 
nafiiig current motor that has been put Ixrfore the |)ublic any 
where—is tluit not so, Mr. TeslaAnd he says tha;t the system 
can be seen in practical operation at SI) labm-fy street, second 
floor, and he invites you all to come and see it. (A [iplause.) 

The next meeting of the Institute will take place on flimo 
12th, a,n(l Mr. F. J. Sprague will rea<l a pap(n* on "^The Etigi- 
neering I^rolilems of Electric liailway Work,” aanl I ho]>e that 
all will be ])resent so as to lend the schmtitic atmosphere tbaf; is 
needed for pa|)ers of this class, to the occasion. (This meciting 
waiS subseipiently post])oned to rlune IDth.) 

The general meeting tlien adjourned. 
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^ The twenty-seventh meeting of the American Institute of 
Electrical Engineers, was held in the Lecture Eoom, Library 
Building, Columbia College, Madison Avenue and 49th Street, 
New York, Tuesday, June 19th, 1888. 


President Weston called the meeting to order at 8 o’clock 
P. M. 


The PEEsinHNT:—Ladies and (Tontlemen, and members of the 
Institute: We have with us to-night Mr. Frank ,1. Sprague, wlio 
will rcMul a |)aj)er, entitled: “The Solution of the Municipal 
Eapid Transit Problem,” or “Electricity and its Application to 
Electric Kaili’oads.” I’he matter is fraught with great interest, 
and as the system of electric railroads has about trebled inside of 
the last ehrven months, it will undoubtedly be very interesting 
to hcai ol the work that Mr. Sprague has done in this direction, 
hew people wlio have not been engage<l in working out experi¬ 
mentally the ])ractieal application of electrical appliances on a 
large scale, can ap])reciate the amount of labor, patience and 
perseverance re(piired to bring them to such a state of usefulness 
as wc see the electric railroad has reached. It not only rcipiiros 
that, but a great deal of money; both must be united to ]>roduce 
the desired results. I am sure we shall be pleased to hear wluit 
Ml. 8])iague has to say, as I umierstand he has been very suc¬ 
cessful in overcoming many serious obstacles. 

Mr. Sprague was received with a]>plause and read the follow- 


ing paper: 








THE SOLUTION OF MUNICIPAL EAPID TRANSIT. 

BY FBANK J. SPEAGUK. 

Tlic 2^1 cfeGiitO/tion of tliis siilijcct before tlic AinerK^itn Institiite 
ol Electrical Engineers for discussion seeins to me most op|)0!*- 
tune. It is a question of great im])ortance, and one for whicli a 
definite solution is fast becoming imperative. To tlioso of us 
who believe that the solution is to be foiuid in tlic application of 
electricity, it has a special significance, and I trust that what I 
say may bear fruit, by starting a. general discussion of tlie svdijcct, 
not only among electrical men but the general public, as well 
More attention is now being paid to the (luestion of tramway 
traffic than ever before. The reason is not only the compara¬ 
tively higli eo.st of operation under the present almost univm-.sai 
sy.stem of horses, but also because the public are beginning to 
feel, and the street railway men are beginning to .see that it is a 
system behind the times. Laying all humanitarian questions 
aside the public demand a lietter and a more rapid servic(i. Rail¬ 
way men want to give it, provided they can do so for the sanmor 
less money than they are now spending. 

To quote from a New York evening iiajier: 

Ihe rapid transit quc.stion has steadily [iressed i(;s way to the 
front of subjects demanding immediate al;tcntion, until' it now 
stands in this city the foremost question of the hour. 

‘ Ihe fact is made evident, by the eager discussion upon every 
liand, of the very best means by which ihe end may be attained 
with the least possible delay. The total pas.sengcr tndllc, that is, 
the total number of persons carried in this city, has increasmi at 
the rate of over 140 per cent, in each period ‘of ten years since 
1866, and is now something over ;f25,0U0,OOO. At the same rate 
of increase it would amount in 1800 to over r>O0,0OO,O0t) and in 
1900 to 1,225,000,000.” ’ 
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There is every reason to believe that tlie through traffic will in¬ 
crease as much as expected, because the city is growing rapidly 
and its business section is continually enlarging and pushing north¬ 
ward, forcing the larger part of the population, especially the 
laboring classes, to seek homes in the upjrer portion of Manhattan 
Island, and the annexed district, where rents, already increasing 
because of the increased facility of access, are still lower than can 
bo readily commanded for business purposes in the lower part 
of tiro city. lire elevated roads of this city, although carrying 
500,OOO people a day, do not answmr the recpiirernents of rapid 
transit, eitlier local or tlrrough 5 nor is it possible for any two-track 
railway to do so. 

By ruprd transit we do not mean merely through ti-ansit; we 
ought not to consider alone the metliods of transportation from 
one end of tlui city tr.) the other, or from the city to the suburbs; 
we are likewise called upon to find some means by which the 
local ti-alHc shidi bo Ireuelited. Everything which lessens cost of 
opei’ation, iiuireases sjused, reduces intervals biitween cars, in¬ 
creases the nuiiibei- of ears and makes extensions irossible, aids 
rapir l ti-ansit, no matter whether surface, underground or overhead. 

■\Vitli the same cost of oi)eration, jn-ovided the motive jjower is 
matcuially cbea[)ened, a gieattn* tiumljer of ears can be run, in¬ 
tervals can be shorteiied up, large (.airs (!an l)e run in the jilace of 
small ones, better attention can be afforded, cars can- lie better 
heated, lighted and cleaned; they can make bettisr time, people 
can be (airried fiirtlier for the same money, branches can be 
0])ened in districts which would otherwise not jiay, and what is 
all imjiortant, moi'c passengers can be carriial, and for this reason 
alone more money can be made. For years an attempt has be(>n 

made to re])la,ce the liorse with motors id’ various descriptions_ 

compressed air engines, firetess engines, hot ivatcr and soda mo¬ 
tors, naptha and petroleum cngine.s and steam engines. But we 
can safely say tliat the (.piestion has to-day narrowed itself down 
as between the cable and the various electric systems for surface 
work, and between electricity and steam for elevated or under¬ 
ground work. 

In oi-der that wo may lie in a better position to judge of the 
comparative economy and tlio relative advantage of present and 
proposed methods of traction, I will briefly consider, first, the 
use of horses. 

Tw'o distinct methods ai’e recognized among street ear men in 
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tlie liandling of their stable equipments. In one, tlie stock of 
horses is kept as low as possible; they are woi-ked hard, making 
fourteen or fifteen miles a day, and the depreciation is very heavy. 
In the other the stable equipment is increased; the horses are 
kept in excellent condition; their average daily duty is reduced 
to ten or twelve miles, and the depreciation is lessened. 

Assuming the cost of a horse as $150, and tiie cost (jf feeding 
and caring for him as $180 per annum, it would seem that any 
accurate knowledge of the average life of horses under diirerent 
day’s duty would soon determine the proi)er amount (d' tlie 
latter. 

All railway returns do not, strange as it may seem, give aecii- 
rate information on which such e.stimates of cost can be made; 
l>ut from such tacts as are givc^n we may dcduca* the foIh)wiug; 
Taking the returns for 1881, for the live largest i-oads in Massa¬ 
chusetts, we find that they .show (5,000 horses and cars- 

that the mileage made was liljSdljOO;), and tin- pas.s(mg(‘rs ca,rrit‘d 
70,181,842. 

Dividing the average daily mileage by the number of horses, 
and multiplying the number of horses in a team, we lind eidy 
10.20 nulcs as the average daily duty fer all learns, sick or well. 
Horses which are on duty makt! from I2 to M ndles. 

On the We.st End roiid of Ifo.stou, winhdi is now tin- large.st 
street railway combination in the woidd, luiviiig a,bout 212 miles 
of track and over 8,00(t horses, 10 |»*r cent, (d' llu' horses are 
counted as lieing oil duty from illm-ss, sprains, shoOng or oilier 
causes; and the bahince of the horses average about 12 miles a 
day. A car day is e.stimated at 1(1 to 11 hours, ainl from 15 to 
50 miles, and eight horses are allowed as the active force. 

The ndc given mo liy one of the odieials of this eompan^', us a 
fair one to determine a stable eipiiinueut is, iodivide the total 
daily mileage by the miles made in a ear <lay and multiply it by 
nine, adding what is nece,ssary for hill horse,s. Hence, if fifty 
miles is a. car day duty, a daily run of 1,(100 miles would reepdre 
a stable e<|uipment of 2.S8 horse,s, he.sides tho.se for hill work. 

On tli(A'’ourth Avenue line in New York, the stable eqni|)ment 
is (h-tt-rmiued as follows: A car day is 11 hours, and eight horses 
nuike about five tri|).s, aggregating about 5o miles. To this numl 
her is added lo per cent, for illness, siarains, etc., and lO percent, 
for emergeiKues. Du this road is illustrated the iutliu'iice of an 
importaid; factor in horse car work—that is, the position (d' tlie 
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istables. Horses from tlie npj)er stable are limited to 11 miles, or 
otlierwise tliey would liave to make 22 miles, while horses from 
the lower stable liave to make about 13:} miles, or considerably 
more. 

The average cost of motive power per car day throughout the 
United States, tliat is, for from ten to eleven hours and trips 
forty-tive to fifty miles, is about $4. This 
counts only tliose liorses on actual duty on tlie road. Tlie cost of 
motive power per car day for equal mileage in Eichmond is less 
tlian $2 on the heaviest sort of grade work. The total operating 
expenses of a liorse railway average for the five largest roads in 
Massachusetts 25.15 cents, and for all tlie roads in Massachusetts 
24.7 cents per car mile; and the ratio of operating expenses to 
gross receipts is, for all the roads, 8(> per cent. 

Tlie cost jier day ])er liorse, based upon the returns of four of 
tlie largest roads in Now York, is 54 cents, and the cost per car 
mile from to JO} cents jier car mile. 

In addition to the regular de])reciation there is ever jiresent 
danger of an e])idemic in hot wea,tlier. 

tsince the cost of the motive power alone—that is, the cost of 
harness and stable equipments, horse-shoeing, renewals, proven¬ 
der, liostlers, etc.—is 40 per cent, of the total o])erating cxjienses, 
it %vill at on(*.e be seen Iiow vitally imjiortant any matei*ial saving 
in tlic cost of motive ])ower becomes. If, as we claim, the cost 
of motive power in an electrical system is one-lialf or less than 
that in a horse system, the percentage of gross receijits available 
tor interest and dividends is more tlian doubled. 

Furthermore, when we remember that the average running 
time for horses is only five to six miles ])er liour, we have an¬ 
other luasoM which constitutes an unwarrantalile olijeidion to tlie 
use of liorses for rapid transit. 

Among th(‘. systems wliicli have lieen proiiosed to take the 
place of horses a,nd which lias given the most jirornise, and met 
with tile grc^atest success where heavy grades and traffic exist, is 
the caf ile system. With its general features you are i>r()l)al)ly 
familiar. 

Then^ are, however, a great many (ibjeetions. One of tlie 
most s(‘rious is tlie great initial cost of tlie (*onsti‘u<dion and 
plant, th(^ ('ost of tlie conduit alone ranging a,nywlun-e from 
$50,000 to $80,000 per mile of single track, makiiig the invest¬ 
ment so larg(j that none but roads having heavy traffic can per¬ 
mit of the exjieiisc. 
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Tlie conduit is necessarily large and costly in order to neconn 
inodate sheaves of sufficient size to {)i‘eveirt too grout u loss in 
friction, and on account of the position of tlie (%‘il)li‘and piilhys it 
is difficult to clean it. This large size also makes it (lilli(mit t«» 
construct a conduit which will not, because of tin* trafli<* and 
weatlier strains, be distorted and have the slots forcuMl logH^tlun* nr 
apart. Tlie dcptli varies from two to three fec'i, moi*e ofttm the 
latter, and in any city street this is almost certain to imm*!ere 
with steam, gas, or water pi|)c\s. 

Each section of the line beiiig a unit and o|)eratt*<] fnun one 
calile, a break in the cable will susj)eiHl the entiiui trathe of tltat 
section. 

A broken strand is apt to foul the grip and pile one ear on ftip 
of another, as ha,i)pened in Ihiiladidphia, or suddenly *start a, ear 
winch is at rest, as recamtly ha})peiual on the l^rdh street line in 
tliis city. The cal)le is a heavy, cuml)ersomt‘ a/lfair, I J inches 
in diameter, and weighs about It),non pounds to tin* miha 

It is found that it is best to make theses C 4 ibli‘s in ft. 

lengtlis. 

.If a cable is stranded it ctiunot be usial until la^painMl; if it is 
stretched 1 per emit, it is considcuaMi unsaba TIh‘S(‘ wt‘aknessi»s 
of^the calile system render it necessaiy to hav(‘ a dupli(aite cable 
ready for instant use, and a double line of slnaivt^s. 

Witli a full load not over alxuit to |>er cemt. of the 
power of tlie engines is actually used for tin* [iropulsitui of the 
cars, tlie haJance licing for moving tin/ cuhha Witli anv liglit 
load the efficiency is even less, But it has Ihmui found aihdsahic 
to have even greater [lowerthan this, most ol tin* (companies ha,v 
ing from two to four times as much tmgine power as is rer|uired 
at any time, and ironi one and a hall to twaa^ I la* lH>iler power* 
This is ma^essary, heeaust* if any part of tin* eahle engine breaks 
the whole section of the system is disabled. 

Eveuy tiirn in a cal>Ie brings a^ strain upon tin* grips and n* 
duces I,he liie of a cable, and any incr(*as(‘ in tin* s]a‘i*d at \vbi<*h 
a cable is driven likewise sliorU*ns its life. 

Difficulty exists in turning corners; expensivi* drums, and 
often times auxilia,ry caldes being required. Constant r*ar(* ami 
attendauce is necessary in lubHcaiting the (atrrying mui <*urv<* 
pulhys, and in taking care of the slots and swilel)(‘s flu* (‘sii- 
inalc^s f()r p(*r day per luih^ of singh* 

tra<*k, r(^(|uiring the time of one man per mile. It is imp(».s:dble 
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to work turnouts, crossovers or sidings without auxiliary cables, 
or to operate single tracks. 

A line once being pnt in, any extension is expensive and diffi¬ 
cult because of the terminal macliinery wliich is necessary, and 
the definite lengtli of tlie cable. 

Tlie speed is limited; a car cannot travel faster than tlie cable 
and tlius recover lost time, except on downgrades; nor can it 
travel inore slowly save by permitting tlie cable to slip. Tlie 
regular speed then, must be the same in tlie most crowded 
sections of tlie street as in the less jiopulated sections. 

Tlie starting is often with a jerk, and the whole motion of a 
lurcliing, unequal, unpleasant cliaracter, exceedingly disagreeable 
wlien hrst experienced. 

Success in tlie calile railway system considered by itself depends 
largely upon the condition that a line of reasonaiile lengtli sliall 
be so located a.s to warrant frecpient cai* service. 

d^he chief advantage of a cable is, the cheapness as compared 
witli liorse i)Ower, of operating a heavily patronized road at a 
comparatively fixed rate of speed with no regard wliatever to 
grade or gravity; lint tins (dieapness is not inherent to the calile 
system, but due rather to the fact that steam lias such a tremend¬ 
ous advantage over horses. 

The motive jiower o])erating expenses vary from 50 to 70 of 
tlie cost of opei\ating liy horses. 

Now, wliat is it electricity, by some of its systems, imimises us 
fertile ordinary street traffic? What are its advantages? First, 
it will do the work, and in a far more satisf{ictoi*y manner and at 
a greatly lessened cost of o])eration than with horses. Electricity 
is simply an agent for whic^b we have to pay a certain [iroiiortion 
to cany the power of our steam engines to take tlie [ilace of' tlie 
horse. Since not only on levels luit also on the up and down 
grades an electric cjir can l>e run much fa,ster than ahorse (^ar, and 
lieeause it can be gotten under way and stopped mucli more 
quickly, the mileage with, any given number of cars (*,an be in¬ 
creased, the mean running sjieed increased, and the same time 
intervals made witli a less number of cars; or, on flic other liand, 
shoid;er intervals lie made with a given numlier of (?ai's. The 
(Mpiipment will occupy aliout ^15 per cent, less si)a(as tlie horse 
spaca,! being saved, arul this fact, together witli tlie ability to l>ack 
wlicn necessary, and to quickly gain lieadway, enables an electric 
car in narrow and crowded streets to work a passage tlirougli 
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where horse cars would be at a dead stand still. Not only <*an 
cars rnn down grade faster, but also with niu<*li more safety, l)e- 
canse of the possibility of tlie instant reversal of the motors in the 
event of the parting of tlie brake chain ; and wlum arriving at the 
top of a grade, the faster a motor runs tlu? I)etter. It has not got 
to be lield in to save it. 

Tlie riding of an electrical car is far easier than that of any (adde 
or liorse car, starting and stopjiing more taisily, and lieing in a 
large measure free from lurcliing and oscillation. Tin* (*ars are 
much cleaner. They can be brilliantly Hglited, and tlu*y can lie 
heated by electricity. There is no dust sucli as ris(*s from the 
heels of liorses. The sanitary conditions are entirely a!rt*reth and 
tlie liealth and comfort of the whok; |)opulalion is eonst*r\'e<l. 
Stables with all their unsavoiy cluira(*teristi(‘s and tin* c<mse<jm*nt 
depreciation of the value of ad jac(*nt n*al (*sta(t‘ disapp(‘ar. No 
sand is neeiled ori the paveinents, and tin* |)a,v(‘}m‘nts an* not so 
quickly worn out; often no centre paving is m*i*t*ssary. ft In*- 
comes teasilile to operate branch lines, and also (‘ombinations of 
graxles, curves, and ilbconditioiU‘<l str(*(‘ts \vhi(*h would In* |>ne 
Iiibit()ry to any <>ther system. It is not to Ik* (daim(*d that any 
one system of electric tra(*tion has all these advantagis; Imt in 
some form or other they will be found. 

It has lieen said that an e.xt(mdi‘d systc*m (*unnot lie o[H*rated 
by electricity, that tlie liiu*s imiy brt*al< down, that a largi* mim- 
l)er of cars (*amiot be operated sinndtan(*ously, i‘s|H‘eia!lv wlnm 
bunched up, that wires burn out, that l>riisln‘s burn up. 

True, these things have happened, ami in east* td* <]<*tVetive 
wmrkinansliip or carelessness they may happen again. Altlmiigh 
eleetrieity is a force <>f uiikiuiwn natuny and wt^ know it In its 
ejle(*.ts, it is folly to hold tluit whatt»vt*r faults in maeliim*ry inav 
existoiNicidikiiits occvu’tliey- do nottNum* within a verv narrow and 
lirniteal ciitegiir^^^ ami [)(>wt*rful ami myst(*rioirs us it is, and an 
sweririg an iinpiflse wiU the rupitlity of liglitning, it is at, tin* 
same time the most tra-ctahk* ami hiw aliiding agent with whieh 
we have to deal. 

there is not a freak ot wliicli it is taipahle whieh wt* ean not 
guai<l against. It has not an al-trilaitt* ot whi(*h wt* eannot makt* 
positive use. It has lu) |)ower of damage whieh <*annol In* cmi 
tndled. 

ddumI(*\(*lopment of its applieation, the (nistaki‘s wlu(*h havi> 
h(*i*n made ami the accidents whieh luive (H*eurrt*<l aiv hut the 
iiiilestoucs ami guideposts of tlm highway to Hueei*ss. 
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'Were it not for tlie occasional failures there would be no ad¬ 
vance. 

As a matter of fact there is no apparatus for the transmission 
of energy tliat compares in simplicity and efficiency with the dy¬ 
namo-electric macliine and tlie electric motor. There is no ma¬ 
chine in existence winch, wlien thoroughly and well built, and 
decently cared tor, is less ]ial)le to get out of order, and will stand 
haidei usage and greater variations of work with a niininium of 
attendance and care. A motor has but one moving part, and 
that Inis a rotaiy motion. Its toj'sional effort under given con¬ 
ditions is a Constant, and when ])roperly l)uilt and propor¬ 
tioned some ty])es have over a wide range the remarkable and 
imiijue (juality of having tliis torsional effort vary as tlie square 
ol the curi'ent used, a feature of marked imjioi’tance in traction 
work. 

As modern as tlie motor is, the ])e(niliarities of all its pliases are 
just as well known and ca]>al>le of just as grapliic representation 
an<l foi’ecast, as are those of the steam engine. This can l>est lie 
shown l)y reference to some curves which illustrate the charactei*- 
LstiCdS of Some ol the nichniond motors, and liave th(‘. same signi- 
iicanc-c that an indic'ator diagram lias for an engine. They {ire 
partly theoretical, and in practice are somewhat changed, Imt are 
interesting as showing a grapliic metliod of motor indicjition. 

For con venience these curves are plotted on lioth sides of tlie 
axis of K, The ani])ere turns on one leg of the held magnet are 
plotttal {IS ahscissie. The curve 0 A gives the mean (characteristic 
of the nnudiiiK^ when run as a series dynamo on a variable external 
resistnruH^ {it iSofy revolutions. B (J re])reseiits the ecpiation of 
counter-ekad-romotive force witli an initial e1c(*troniotive force of 
4-0(> volts. I Inive allowed an increase in the actual n^sistnnee of 
the marJiine of I() ])er cerit. for heiiting and other (*.{ius(?s. The 
speed of the armature, the miles jier hiuir made l)}^ a c,arwith the 
Kichinond gcairing, the tractive effort in pounds for <)n(i iiiotnr, 
and the horse-power units arc, for convenience, all laid off as ne¬ 
gative ordinates. Eijual units of horse-iiower and torijuejirci laid 
oft as {ihs(‘iss}e, so as to make tlie Tnaxinium [loints coincident. 

The first important curve whicli we liave to get is the spiaid of 
th(^ motor in terms of its curitmt. We have tlie law ifuit tho 
spcHMl is <lir(H‘tly ])ro|)()rti(>nal to tlie countcyr-ekKdroinotive fore.e 
dexadopiMk {ind inversely pniportional to the strengtli of the field. 
In other words, tlie sjieed curve El) 0, in terms of the ciirrent, 
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is plotted from tlie curves 0 A and i? 6^, and the speed for any 
current is found by multiplying 856 revolutions l)y the ratio of 
tlie ordinates corresponding to that ciirrent. 

Tlxe next curve with which we liave to deal is tliat of the w^ork 
of tlie motor in terms of the current; that is, the curve (> F(\ 
wliicli intersects the axis of X at the same [)oint as the (mi'ves 
of speed in terms of the current and tlie C()iinter"-ele(‘tr(>inotivi^ 
force line. 

A third and most important cui’ve is tliat of tlie work (»f the* 
motor in terms of its speed, which is the (Uirve () 1) G [)lott(‘(I 
from the curves ED G and 0 F0^ with the horse"|>(»wi‘r units 
transferred to the axis of X as aliscissie. For instance, following 
tlie negative ordinate for 80 amperes, we find, at the projau’ in¬ 
tersection, a speed of 860 revolutions of the armature, or 4.S2 
miles per liour of the car; and, at the inscHiion of tlie work 
curve, tliat 11.65 h. p. is developed. These t wo \'alues give ns 
the point S as one of the points of the work (mrvi‘, and so (un 

Referring to the work re<iuired to he expinnled on a vat\ we 
liave from the fiirinula— 

^ VI 71 i h . „ \ 

where w =--= wt. in Iks. 

n miles per hour, 

h =. resistanee to traction in Ihs. i>er ton on Icvt'!, 

0 == angle of grade, 

the work wliieli is recpiircd for any gnide, speed ami weight. 
Hence for any given conditions we can pint (in* <‘<|nutiun 
h. p. == « n, and l>y its ijiteivsectinn witii tin* curve! <> J> /r\ find u(, 
wliat speed the car will he move(i hy the motors nnd wiint enr- 
rent is required if we know the gearing. On tin! otiier iiaitd, if 
we assume that a certain load on a certain grad(‘ sliail lie liaiidlcil, 
and we elect that it shall be done witli a (awlain ctllcicucy of tlic 
motor, or on a certain part of the work cnrv(!, W(! can draw tin* 
car carve for tins intersection and tlien deduce llm speed of flie 
car and, from it, what mast lie the ratio of gearing to enalile (lu! 
car to bo liandled by the motors under these (umdit ions. konr of 
sncli car curves are drawn —O U, which sliows tlic mn\iiiium 
which conld lie moved; 0 M, which sliows wind, can lie done a( 
50 per cent, efficiency; A'' and O I\ slmwing flie equations 
wiiieli are constantly in practice.’ 

In tlie acjtnal computation lO per cent, extra is allowed f<ir 
losses I'rom friction and ho forth. 
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With the Kiehmoud gearing, and a car equation of h. p. = 4:.% n 
we would have a car weighing 14,Y00 pounds sent up a 10 per cent, 
grade at 4.82 miles jier hour, and each motor would take 30 am¬ 
peres of current. If the grade or weight were increased, the 
curve O iV would be carried toward O Jf; or, if the ratio of 
gearing is changed, then with the curve 0 N in its fixed position, 
tlio weiglit of car or grade could he increased, altliough the speed, 
of the ear would ho reduced. Other curves are shown, Z K 
showing the tractive effort of the motor in terms of its speed, 
and O II showing tlie tractive effort in terms of the current; the 
tractive effort varying, of course, as the work divided by the 
speed. 

llie variety of prol)IeiTis wliicli can be worked out froni these 
curve slieets is very large, and they become of vital importance 
in dealing witli any new work. Nothing could show more 
clearly the value of a mass of ii-ou in the field magnets (as I have 
always lield to hetlie pro})er method of building mot(.)rs), and the 
exceptionable qualifications of motors for tractive i>ni’poses. Any 
change in the switch or any change in the potential will vary 
these curves materially. One fact, however, is to l)e noted; no 
matter liow the field may he clianged, the speed of the motor at 
50 per cent, efficiency is nearly constant. 

The connection of the motor to tlie driving wheels has l>een 
attempted in a great variety of ways, and nearly every mechani¬ 
cal device possible lias Iiecn used. Often the motors are carried 
upon the car body and connection made with the wheels, which 
sliould hear a variable jiosition relative to the car, by means of 
friction wheels, sprocket-wheels an<l chains, or liy belts, ro])es or 
wire-chains with tightening devices. The motor armature has. 
been mounted directly on the axle, and also hung on a frame lie- 
tween the axles, lieing connected to both wheels l>y cranks and 
side rods, necessitating c<pial speeds of revolution of the motor 
armature and the wheels. 

d'hese methods are all crude and unsatisfacitory. They are 
makesshifts and ignore the most important and essential facts 
which have been developed in car and motor construction. 
There is to my mind only one good way to connect a motor, and 
this is to centre the motor uiion the axle, supporting it flexibly 
from tlie car body or the ear truck, and driving by gearing witli 
one or two reductions according to the service wliicli is demanded. 
'‘Idiis is the only way in which an absolutely safe and positive 
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connection can be depended upon ])otIi foi-ordinarv work .-uid fur 
the nonnal and sudden strains called fur in an (aticrji'cncv. 

Properly made, tlie friction of this imdliud of reduction is very 
low^, tlie motion is smooth and free, and rea,souaI»I_\- noiseless. 

The proposition to eonjde the motor so that it shall make the 
same nnmher of revolutions as the axle iuaiores one <.f the most 
important, points which makes lij^ht wei,i,dit in motors possible, 
and that is the Idirh speed at which the armature can he run. 

I have pointed out, in describing' the cnrvti characteristics'of a 
motor,one of the essentials to determine the prop,‘r raiioof red’n'- 
tiou for any motor when required to do a given work. 1 !.|.av 
here add a brief formula, which will a'so .serve as an index in Ibis 
matter; Lct/e<jnal the maximum velo<-itv in feet per minn'e at 
wliieli an armature at any time is allowe.l 'to travel; „ the iiMm- 
ber of miles jier hour to be made by the car; D the diameter .d’ 
the car wheel in inches; r/the iliaimdcr of the armature in inches, 
lien the ratio of the gearing must be expressed by the eipnif i.ii 

•S8 fi d 
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tlie values winch c.xist in street car work, 'riien 
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n the application of (dectricity we are limited to no mu* sys¬ 
tem , we have a choice which will permit us to imad any exi<mn. 
cea or conditions of tratlic. There are two kinds .d’ ap'plicabon 
in one, each car is perfectly indcpemhmt .d’ the other, receiving 
Jf charge at the central station and acting as an imlis idnai , 1,04 
idle storage lottery method is such a, systmn. 

The other is a system of ,]irect supply, ami, unlike the battery 
..\.shmi, where the energy of the steam is four limes converl.sl it 

to the line, from which th(‘ motors as lluw move ahm- 
<cn\e ■ leir current. There are several forms <d' condm-tors’ 
cen re and side rails, the main tracks, conductors carried in con- 
<lu.ts, and overhead. Either a complete, metallic ci.vuif nuiv be 
ii^ed, or one eonduetor with the rail and earth return. The' ma- 














THE 80L UTION OF MUNICIPAL SAPID TRANSIT. 


363 


cliines can be operated under three different systems—the series, 
multiple series and parallel circuit distribution. 

Of these various plans, I sliall discuss only three—the storage 
battery, the conduit and the single overhead wire system with 
undei’ueatn contact carried on the car, and for the systems of dis¬ 
tribution tlie parallel circuit system only. 

Tlie storage battery from tiie time of its first introduction to 
the public has offered a tempting solution to tlie application of 
electricity for surface transit. The gi’eat advantage of the 
battery system is that wliile most of the advantages of an electric 
system aie retained, such as perfect control of the car, ease of 
manipulation, cleanliness and so forth, eacli car in itself becomes, 
an independent unit not dependent upon any general accident to 
a system. As attractive a solution as the storage liattery at first 
siglit scoms, there are many ])ointB of disadvantage in the present 
state of its devciopement. One of tlie most important is tlie e.v- 
cessive weight ot battery wliich is necessary under tlie conditions 
of service wliicli are met with in this country, from to 

4,000 pounds being the ordinary weiglit. Not over 10 per cent, of 
the lead in these batteries is actually used for Ktoi*age. On uc'connt 
of the weight and the room whicli the battery takes u[), there has 
t<.) be a radical change in the construction of the cars, aiiid while 
old cars can bo inado use of by a great deal of patcliing, it is not 
advisalile to attempt this. This cliange nuikes the jirescnt cars 
useless, and likewise increases the cost of new car bodies, 

d’hen again, while the tracks as they e.xist may stand the addi¬ 
tional weiglit of motors on a four-wheel car, the ailditional 
weiglit of battery, making the total weight on a given wheel¬ 
base double what it was before, will render it necessary on a 
great many tracks to relay the road-bed, or to jiut in 8-wheel cars. 
Of course these olijections are not so serious on a new road as 
they are on an old one. 

l>ut I coulidently e.xj)ect to see in the not so very distant fu¬ 
ture, weight of battery necessary to handle a car reduced one- 
half; this, besides overcoming some of the olijections which ex¬ 
ist now, wdll halve the expense of liandling them at tlie central 
station, and will also allow the present standard width of aisle to 
lie maintained. 

The present excessive cost and unknown depreciation of tlie 
battery, its lack of efficieney, limite<l capacity, tlie fact that only 
a portion of the charge can be taken out with safety, and the re- 
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duction of its output, when sudden deinands are niade upon it, 
die dll of sueii a cluiractcr as to leave wide I’ooiii loi* ini|jr(t\'e- 
ment. Tlie loss of etKeiency in conversion 1 do not esfeeni of 
such vast importance, because, in any hiri--e system wliere the en- 
j^ines are kept under a stea,dy load, tlu^ cost of ojX'ratioii 

will not he ,so very much moni than where operating- under eon- 
tinually varyiiii^ loads. The limited rate of di.seharu'e, as well as 
the liinited (aipacity, linuts the gra(ie \vmrk to whii-h a, hattery 

ear can he subjected. For insta,nce, as batteries and ears are now 
made, we can easily have the tollowiii”^ combinations of weit<ht: 

I’oiind.H. 

Weight of car. 

Batteries. y.'coo 

Motors and other aj)|)a,ratus. ‘MilHi 

Sixty-ti ve jitissengers. !l, 11H i 

^. l;i,TtH) 

Jo start and to accelerate (his load on, say a, H pin- cent, grade, 
demands a discharge rate which no storage hatlery company 
earcvs to re(*oninicrul. 

Ah near as it is |)ossil)lc lor us to ^(‘t at a. correct (*st inaih‘ on a, 
new road of moderate grades a, .storage battery .sy.stem conld hi; 
qierated at about SO pea- cent, (.f the cost of operation bv horses. 
This is about double the cost of the direct systmn of suipdy on a 
large scale. 

But the storage battery is not going (:o stand still. 

Many men with abundant ca,])itni are striving for inijirovement, 
and 1 think there is but little (|ncstion that batteries will be re¬ 
duced 111 weight, ini‘rea.sed in capacity, and made far more elli- 
eient. and loni»*-liv(,‘<L 

I he (♦.oinliiii and <>vci‘hcad Hysltnua luivi* oiu^ point in (‘oinnioiu 

Both are dependent upon a central station, and the actual cost of 
operation (e.Mcept for the care and maintenance <d' (he conduit 
itself) would be about the same. There is, however, a great dif- 
f(.■rence of investment. Both must have about, (Jie same amount, 
of copper, a,ml, to lie effective, about, the same distrilmt.ion. 

The diO'erenco of cost then is practically the differcnci' bet ween 
[lole erection and conduit laying, and this wall be, from 
to $:}U,000 per mile. As an investment of course it means that 
witli the conduit very inucli more money has to be earned, d'he 


■ i:i - 



































THE SOLUTION OF MUNICIPAL BAPID TRANSIT. 


365 


electrical conduit can be built for less money than a cable conduit, 
because it can be made of less depth, but it cannot be built with¬ 
out due regard to the strains of street traffic and weather, and 
with proper drainage and cleaning facilities. The advantages of 
the conduit are chiefly tliat there are no overhead obstructions. Its 
disadvantages are, besides its great cost, the lack of cleanliness, in¬ 
creased possibilities of leakage, and greater difficulty of repair in 
ease of accident. Eecognizing, liowever, tlie demand which 
exists in certain places for a conduit, we have developed such a 
system which has many of the same elements of simplicity and 
reliability that our overhead system possesses. 

T-lie working conductor carried in the conduit is divided into 
sections, which at intervals of every block or half block, as de¬ 
sired, are comiected througli automatic cutouts in manholes to tlie 
main conductor, which is continuous and enclosed in a lead or 
iron covered eal)le. Any accident to a section, such as floodiTig, 
sliort circuiting, and so forth, will simply cut out that particular 
block. 

For the immediate solution of the (incstion of more rapid and 
cheaij)er transit in niany places the ov^erhead sy^stem is most 
availal)le. 

I am aware tliat a great hue and cry has lieen raised, especially 
of late, against any electric wires whatsoever being used above 
ground. Tlie feeling which exists is not - entirely unreasonalile ; 
in fact it is easily accounted for by tlie most casual inspection 
of the condition of the wires of this city. Mut many of the ob¬ 
jections which are raised against all overhead systems are not 
necessarily inherent; tlmy are very largely duo to gross ca,relcss- 
ness in construction engendered by a faulty municiiial adminis¬ 
tration. We have in our cities little or no active control or over 
sight of tlie wires which have been put uj) in our streets. Year 
after year, from the earliest telegrajih days, those in control 
have granted to telegraph, electric light, telephone and electric 
power c.onijianies innumerable more or less limited franchises for 
stringing or hanging wires through our streets. These permits 
have often been granted witliout any restriction whatever; they 
are often granted for a “consideration.” Tlie erection and 
maintenance of these lines being a large factor in the cost of con¬ 
struction and operation of the companies, they have been put up 
with little or no regard to i)ublic convenience or safety—certainly 
with no regard to any aesthetic tastes—and often times with an 
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utter ,ignorance of the pW])or nu*tli(His ot ('nnsf rnetiuii. 
iinderwriters in their wisely Irive (h:ni:iM(l(‘(l jui iirsiilatinn tn 

stand fire, or in iij)imn'nt: i,>i-iiiir:irico uf, tlic fact that 

piotection from iiiuiKtnrc and Icukac'c is of far niorc \'ifal im- 
poetance. li.eiiee we have tiiut frcaclierou.s wire kn.nvn as 
“underwriters’ wire,” or more eommonlv amoii"- cle<'tri(‘i'iiis 
“undertakers’wire.” ' ' ’ 

The ])oles iiave until lately, been of the eheapest: const ruction 
badly set and continually marred and weakened by the spurs of 
the linemen. New lines have Iteen continually adihal, and 
poles^intended ori<,dnally for a certain ntimber <d' wires are imw 
carrying doiihle or trehle thut niuniKn*. 

The electric lii,dit com|)anie.s, after ciittinc' mit a lamp for 
winch a contract has expired, leavi' the biydits of their wires 
hanj^ing III loops. The teleiitraph ami telephone conqiaides allow 
tliousands ot miles of “dea(r’ win‘s to remain overhea.i, or to 
lian^ in festoons from every pok-, which in some sections are 
utihml as clothes lines or are used by the street urchins as kite 
traps. 

^ They cross and recross the streets at every annle. .-verv eleva¬ 
tion, and at every tension, d'hey are sirm'iir snrn.ptitiouslv on 
poles to which iH. nVbt exists, and over buikliims f„r which no 
permit luis been g-ranled. 

No one seems to htive the power to .■ompel a chatmv or im¬ 
provement in these practices, ami f!,e .•oinpanies tlmniselves 

never will do it until so compelled. The sharp .. .petition in 

the liirhtmg busmess, the small profits derived tberefnun, the 

great trouble of baiilintit down ainl ^etfinu' rid of miles id' dead 
telephone and telegraph wires, all these' interfere with a satis- 

bictory straightening out of the existing svstem of overln.ad 

Wires. 

In all movements for public improvement we have to con- 
s.derthe arpments for, as well as against, snei, improMunents 
It IS not suflicJent that we say that there are disadvantag..s attend' 
ingUie nitroiluetion of the system, we miisl consider likewise the 
possilile advantages; and this is especially important when we 
censider the use of the overhead line in a system for propeliim- 
street cars huch a line being part of an investment of a cone 
imiy wlnch has practically no competitimi on its own streets, and 
whose_own interest would require it to keep its line in first.elass 
condition, can be put up in a manner presenting few of the 
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objections wliieli are generally urged against a system, of overliead 
wires. I would not ni-ge its adoption for all places, but in all 
suburban districts, for comparatively narrow streets, for all streets 
operating under an elevated railway structure, or wliere tlie tmeks 
are near a sidewalk, the direct system of suppl}^ from an over¬ 
head line with underneath contact, presents advantages which, 
once appreciated, far outweighs the ])ossible objection of such a 
system. 

Several methods exist in which the wires can be erected. One 
in which span-wires, at a distance of 125 feet apart, reacli across 
tlie street from building to l)uilding, or from ])ole to pole, and liave 
suspended fr<)ni them directly over the track, at a height of al)out 
19 feet, a longitudinal wire (,)f not moi-e than a (|narter of an inch, 
diameter, this wire being tei’ined the “ workiiig coiHluctor.^’ This 
sliould he of the veiy strongest character. It should have a high 
elastic limit, great tena,(‘ity, and ri^sist coi*rosion and oxidation. 

Its C()ii(lnctivity is a mattm* of h^ss im])ortance, sincn not upon 
it, but upon tlie main (*ondu(d.or whi(‘h su|)]>li(‘s it do w(‘ depend 
for the main transmission of our (uii*rent. Il(m(',(‘ the elmnents of 
strengtli and leliahility aixi of far more im|)ortaM(ai then conduct¬ 
ivity. We Inive found that the best wir(‘ for this purpose is that 
alloy known as ‘^'silicam hi-onze''^—-a wire wliicdi can lie drawn 
for a tensile strength of from '75,000 to 150,000 pounds ])er s(|iiai'e 
inch; that is a strength higher than that of the Ix'slicommerc'iai 
steel. Such a wire it is almost impossible^ under (‘onditions of 
service to lireak, and its life is veiy long. Sam])k‘s of liard 
(Irawn cop|)er wire, whiedi possesses only fi*om one-third to tuKs 
tiftli the tensile stnmgth of this wire, show, aftm* months of 
s(nan*est usage, scarcely any signs whatsoever of abrasion, re- 
diH-tion in size. This wire is of the same size whatever the dis- 
ta,nce run or the number of cars openuted, ami thi^ main condiu'lor 
may be streteluHl along the l)uildings, throiigli a sidcHilley, along 
l>o!es, underneath the elevated strindure, oi- buried undeiground. 

i n the latter case there would be in a, single ti-a(*k street only 
one longitudinal wire, and that one ov(n* the track, and it would 
be no longcrr than a single telegrapli wire; and in the (*ase of a 
double tra(d<, there would l)e only two wires stretched longitud¬ 
inally along tlie street, aud tliese would be as taut as harp strings. 

Switches ami cut outs are put in main and working (*ondu(*toi*s 
in sueli a way tliat the different sections can be opi^ratcxl imh^- 
pendently, and cut out automatically or at will. 
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The span-wires can be as mucli al)Ove lb fc‘(‘t iTom the ground 
as is desired. Of course, where a telephone or eJeetric* light line 
crosses the street and may break and fall upon such a (‘ondiuitor, 
it would be necessary to have one or two guai-d wirt*s aJH^ve it. 

These guard wires can be very ])rope]*Iv (carried from tlu* span 
wires themselves. Furthermoixo if <k‘sired, the stndcdies between 
the span wires wliere guard wires are ustal t'an b(‘ vi‘ry niu(*h 
longer than 125 feet; they can be even a,s long as biX) or dOO 
feet—that is, two or three city blocks—in which (*as(^ the two 
guard wires form a liglit suspending stnudaire IVom which, at in¬ 
tervals of a hundred feet, the middle wii^j is (xirried in a straight 
line. 

In very many cases it is unnecessar)' to hav(‘ any span wints 
whatsoever. Tj, those streets where tin* lra(d< lains near tin* curl> 
a light pole witli an orna,mental bra(d<et is all that is nt*{H‘ssarv. 

In a broad street where the tivicks o(a*upy ojdy a smtdl portion 
of the street, and are near together, a liin* ot poh*s of <n*na.t(* (h*- 
sign with liglit arms projecting on eitlnn* sidi* (am follow the 
centre (.)f the street. Oftentimes tlnnai is a middle division or 
park, sucli as exists on the l>oulevai-d in this (dty, whi(*h will 
afford space for the poles without int(‘rlVring with anything. 

These same poles can be used for lighting tin* stna*!.. 

On streets occupied witli elevated railr<wid st rm/tun^s, tin* struc** 
ture itself can be used as a support for tln^ ovm’ln^a^d wires. 

Aniong the numerous phuais in New York wln^n* an ov(*rhead 
i^ystem could be put in ])erfect operation are Eighth A vimm*, from 
Fifty-ninth Street up; the Boulevard from Fifty-ninth Htrcid; up; 
a [>art of the First and Second Avenue lines; th<^ Third, Sixth a.nd 
Ninth Avenue lines, and all the suburban extensions in the am 
nexed district. 

To avoid any extra strain on this wire, the c.urr(‘nf. is tal«*n oil' 
by a iiexil)ly supp(>rted trolley (auTied on the car, and making 
contact underneatli by upward jiressure, as will more sp(*(*iii 
cally described later. 

With, such a system put uj) in the pro|)er maniH*!*, it is almost 
impossible for any accident to occur which will disabh,* tln^ line 
or prove a hindrance or armoyance to tlie [nihlic*. in any wa,y. 

The wires are perfectly clear of tlie o|)erationH of I’lu* lit’vmem 
and should they in any place interlere, tlui (ibstrinding siadbui 
can easily be cut out without disaliliiig the reniaiiuier of tlu* 
system. 
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The question of the electromotive force,’’or electrical pres> 
sure, so to speak, to be used, is one of great importance. I do not 
favor going above about 400 volts, and this on a continuous cur¬ 
rent circuit. This is less than one-seventh the electromotive force 
which exists on many of the arc-light circuits in this city; and 
the current being of a perfectly smooth and continuous character is 
free from the danger which might be feared from a current of 
equal electromotive force of the aliernating or pulsating character. 

In point of fact, in Richmond, a very large number of our men 
have received the full E. M. F. from our line without any injury. 

On a dry day, the trolley wire has lain coiled up on the 
ground while the cars are in operation; and while certain 
cliaiiges were being made in the overhead circuit, the men worked 
continually with the current on the line. I have never known a 
constant potential current of 400 volts to cause of itself the death 
of or serious injury to a human being. 

The past year to me has been one of great responsibility and 
wide experience. It has been a hard year. But the experience 
and expense are as nothing compared with the great value of 
having been with my associates instrumental in bringing to a 
successful issue one of the most important pieces of electrical 
engineering with which I have ever had anything to do. Among 
the roads which we have equipped the most important is, of 
course, the Richmond Union Passenger Railway, which now has 
six times as many machines in operation as any other road of its 
cliJiracter in existence, at which every diflficulty to be encount¬ 
ered in an overhead system on heavy grades and with sharp 
curves has been met, and which has for all time conclusively 
settled the question of the economical operation of a large road 
by the method of direct supply; 

I will briefly refer to the road, giving some illustrations of its 
principal features, and some facts about its operation. 

Some idea of the character of the road-may be gathered from 
the following: The total trackage is about twelve miles. It runs 
a very irregular course and reaches the principal parts of the 
city. About nine miles of street are covered. The central sec. 
tion is a double track for a distance of something over two miles 
a part being laid on paved streets, and the balance on macadam 
or unpaved streets. All the extension and branch lines are on un¬ 
paved streets, many of them in clay soil which in wet weather 
covers the tracks, and where it would be an impossibility to oper- 
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ate horses without paving. The donhle track section pnrtly en¬ 
circles the old State Capitol, and presents difficnlties rarely 
equaled elsewhere. This part of the line in a distance of less 
than one thousand feet has on both east and west-homid tracks, 
four curves, the inner rails of the west-hound track being of 
about 27, 30, 40 and 50 foot radius. The power necessary to run 
these sharp curves is much increased by tlie fact that grades a,i'e 
encountered on tlie curves as high as eight per (;ent., and tlio lay 
of the streets has required some of the outer rails to lie some 
inches below the inner one. iiunning eastward from the Cajuhd 
tlie road descends to a low valley through a series of grades vary¬ 
ing from three to ten per cent, and then ascends a series of 
sharp grades and curves in a new district to one of the e,ar 
houses. 

doing west from the State House the road rises to nearly the 
highest point in the city, and then runs through a residential 
district across the liichmond, h'rederieksburg it Potomac liail- 
road, and after several sharp curves extends baclv a further dis¬ 
tance of two miles to a second car house beyond the new reservoir. 
Two Ijranches connect with its main line, one leaving at the old 
Market Place crossing, and paralleling tlu; (Ihesapeake it Ohio 
Itailroad, and terminating at its nuurhiue shops. The other runs 
into what is- popularly known as ‘dVfrica,” a section almost ex¬ 
clusively inliahited by colored popidation. 

The narianv streets, theii- hilly cluiracter, and lln^ lack of pa,v- 
iTig, especially in the new districts, has made the road one of ex- 
(icptional ditliculty to operate. There are no hiss than twenty- 
nine curves laapiiring bent rails, the majoiaty being of sharp 
radius, five being less than tliirty feet. There aixi also s<iV(!ral 
sweeps or curves of larger radius, several turiioiits a,nd crosH-ov(irs. 
The grades are the maximum ever asciended in practice by a .self- 
propelled ear depending on track adhesion alone, and many of 
these grades are very long, doing east there is oiu! section of 
almost continual ascent of about 5,(;U0 feet, with grades varying 
from three to seven per cent., and going west there is a. stretch of 
1,900 feet, witli grades varying from three to tcTi |)er cent. 

When we first undertook to equip this road in the hico of tluise 
difficulties, there was the additional discouragmnont of (In; i-idi- 
cule of a great many prominent street railwa.y men and car (!on- 
struetors as well as electricians. It was only a comparatively 
short time ago that one of tlie leading lights iii street railway cir- 
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cles made a report to the street railway convention in wliicli he 
stated that unless some new invention should be made it would 
be impossible for any self-propelled vehicle to satisfactory operate 
under the ordinary condition of street-car service. He, as others, 
held that the grades and curves met in practice were so severe 
and the condition of the track so bad that a car propelled by its 
own wheels could not under any possibility, day in and day out, 
be relied upon to move itself. One electriciian even made tlie 
statement only a short time ago that any man wlio sliould attempt 
to operate on more than a six per cent, grade would lose his 
reputation. 

lieliability, economy, simplicity of construction and operation 
on a scale never before attempted and under conditions which we 
could not foi’esee. This was tlie problem, and perhaps it was 
well we did not know tlie difficulties. Then again, wliile there 
have been strong friends of the enterprise in, Eiclirnond itself, 
there was a class tliat felt anything but jileasure at a stranger’s 
advent. 

The change of feeling with which this cnterjirise lias lieen re¬ 
garded by tins doubting element is somewhat signilicant. When 
the franchise was originally secured the city was lilest tiy one car- 
line only, and this had dingy bob-tail cars drawn liy mules, wliich, 
on the heavy grades characterizing the topography of liicdimond, 
made very slow time. The new districts were not reached at alh 
When the present line was proposed there were not wanting 
philosophers wlio knew that no road would be operated. Even 
when the tracks were down these same wiseacres predicted tliat 
no cars would ever move over them, and most certainly if tliey 
did, the tirne-lionored mule would be called upon for duty* Even 
after the cars were put on the line experimentally there existed 
but little faith that success would be reached* .Eut times liave 
elianged. The mules on the competing line are to give way to 
electricity. The citizens of .Richmond are tlie strongest frimids 
of the elective railroad to-day, and as regards tlie street railway 
community elsewhere, the work whicli the road lias done and is 
doing and the acceptance of the contract, speak for tlieinBelves* 

The difficulties we have met are many. One of the most an¬ 
noying at first experienced was tluit the ears frecpiently jumped 
tlie tracks. A large portion of the tracik was, as has been stated, 
laid in macadam and dirt streets, the latter being cliietly in m^w 
districts and in a soil of which the chief corniionent was red or 
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yellow clay, and altliongh the curves were of sharp radius, only 
one guard rail was used, and tliis was not hound in by paving. 
The winter inontlis lirought frequent and lieavy ra/ins. The 
tracks were found to be settling out of siglit in mud and espe¬ 
cially at tlie curves tliey were spreading. The ears l>eing large 
and lieavy, witli a 4 foot 8^ ineli gauge and a 6 foot wheel liase, 
helped to make tlie curves sjiread by the tangential pressure of 
the forward wlieels on the outer rails. Mud and stones would 
get into the grooves, and the cars having a tendency to go ahead 
instead of being pulled around by tlie liead as with liorsc^s, would 
climb the track, and before an inexperienced man could cheek 
them, the wheels were down live inches in the mud alongside tln^ 
stringer pieces and the track brakes, hard and fast against the 
tracks. Sometimes it was lifting, sometimes ])rying, and souhn 
times a lieavy hard pull on the [lart of the motors to get them 
back again. Experience, liowever, is a great tiunher, and among 
other tilings whicli has becTi taught is this: that niomy will be 
saved by good track construction and the obscvrvance of a, few 
practical points. All curves should lie i>ound in and pa veal, and 
this has since been done in Riclimond. 'bliey should lik(‘wise 
have two guard rails, because it is much easim* to stcau’ a- (au* ly 
its rear wheels by liolding them in jihu^e, than by allowing them 
to crowd tlie inner rail and force tlie forward wlnads to eliinh the 
outer one. In dry weatlieix with the large wlieel hasr^ a.n<l sharp 
curves, it is found advisable to grease the groovial rails. 

Anotlier point which has to l>e (aiiefully taken <*arc‘ of is the 
cliaracf,er of switch which is put in for sidings a.ml cross ovm’s* If 
dnrp switcdies aremised, they sl^ l>(‘ of such <*baractf*r as to 
allow the car to come down easily ; tongue swit(*bes an* now be- 
ing put in on all the new work wbicli is being done. It is a nin^ 
thing at present to have a mv leave tlie trade. 1 have* Siam a i*ar 
in the winter propelled for a lumdnal feet off tlie track, and also 
leave and go liai^k on its own account. 

Tlie power liouse is situated two l)lo<*ks away from tin* luMrost 
point of the line, and is almost eipii-distant from its t*xinmiiti(*s. 
As a distributing point, it is, therefore, lioth tbeoi-etically and 
practically, a central station. In the construction,no (xxpimse bus 
lieen spivred, and the p(u*formanee of the station lias jusiiiicMl if. 
The battery consists of tliree cylindrical return tubular boilers of 
the latest pattern, mounted on a Jarvis patmit furmua^ their <*a- 
paeity being 125 b. p. each. The water is taken from tin* <uty 
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maiub 01 ^ fiolu a well. All feed-water coiiiiectioiis are of brass 
1)1 pe. Fi-oin the pmups tlie water jiasses lirst t]iron£,di, tlie feed- 
water heater, wliere it is heated from 1.50 to 20() defree.^ F 
From there it goes to the lilter. The draft in the fnniacls is 
regnlated by an antoniatie. steam dam])er regulator, wliieh with 
anything like regnlar liring, keep)s a prcs.snre within two i)onnds 
of that for which the regnlatoi- is sot. 

The boilers all teed into one main feed steam pipe, which in 
turn leads to a separator, a large iron cylinder into which the 

.steam paa.ses, the water falling to the bottom and the dry .steam 

being carried olf at the top. All live .steam pipes in the boiler 
room are covered witli nuig-nesia,. 

The present battery occnpie.s le.s.s than half the available siiace 
III tbe_l.oiler-room so that four more boilers can easily be put n,, 
when it becomes nece.s.sary to enlarge the plant. Two more have 
just been added. An im|)orta,nt feat,mm of these boiler.s, whidi 
are the source of power of the whole systtun, shouhl m,t be over- 
looked, that i.s the ipiulity of coa,l bm-ne<l. Whma- a, v.-ry perfect 
eombu.stioi. is obtained a grade of coal <am be u.sed which would 
bo impracticable in an ordinary furnace; the mi.yture at iire.senf 
being used is two parks scremiings to one part bituminous cost- 
mg from |l.Yi> to $2. per ton ilclivered. As the station i.s only 
three .lurndnul f(‘ct distjuit from tlie depots of tliree raJlroails vonl 
can be obtained alnuxst a,t the door. From the boiler-room ’both 
t le .steam and e.'duui.st jiipes run in an underground, mineral- 
v\'0oh])aeked trencli to tlu^ engine-room. 

1 he railroad engines of which there are at, present three, are of 
the Armmgton and hlims high-siieed type, and develop when run- 
mug at lull load 125 hor.se-power each at 25(1 revolutions. 

Fach engine drives two ,si>ee,ia.l Edison dyiuimos of ■ln,u(J 0 walks 
capacity ea,c.h, wound tor 500 volts maximum pr(;.s,sure. d’he dyna¬ 
mos Iced into cop|)er ‘‘bus’' l)ar,s, siipporteil on tlie walls by 
]iorcelani insulators. ' 

Ea,ch machine lias its iiidependent amjaere meter, ami in addi- 
tioii there is a general ampbre meter at the emi of thi; positive 
liua bar. hrom this bar the current j)a,sses to f<,„r snap 
switches luich switch lieing <‘onnected through a. three-plug safely 
Hwiddi hloi'k h) one of the feed(u^s .sni)plviri|< 4 ‘ ennvnt to th(‘ main 
line wire, d’he.se four-feeder wire.s tap into the line wire at dif- 
liomls tlnis maintaining the pressure approximafely miual 
a,II along the line. At tlie ends of one of the feeders in f.iie c(,in- 
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tral station, pressure indicators are to be attached whicli wii) in¬ 
dicate the voltage at the junction of one of tliese feeders witl> tlie 
main current wire, and this will serve as a guide. 

The electric circuit consists of two parts—tiie overliead and the 
giound circuit, eacli being of compound character. Along the 
curb stones at distances of 125 feet are tliirtv-foot poles, in-serted 
into tlie ground a distance of five feet. Great difficulty wa.s e.^- 
perienced at first on account of the <‘layey diaiaujter of tlie soil, 
and it became necessary to put in very heavy jiolos at tlui corticrs, 
which were imbedded in concrete and stone.s to prcn-ont settling 
out of place after heavy rains. 'J’liese ^ades carry tin? main cir- 
CTiit which extends througliout the entir<i lengtli of the roads, and 
is a copper wire tlirec-sixteenths of an incli in diameter; this is 
called the main conductor, tor on it dcjicnds the operation of the 
road in ease of accidents or repairs to the contact wire. 

Ihe auangement of main and working comluetor are as already 
set forth. 

Tins mam conductor is, as stated, supplied at widely separated 
points by feeders, which come from the main supidv at the cen¬ 
tral station. Without the u.se of those feeders, which can also \h^ 
reinforced if necessary, the sixe and c(»st of the (»verhead conduct¬ 
ors would be very largely increased. I'he curves are formed of a 
series of short chords, which approximab! the (mitral line of 
cvirvatxire. 


The current is taken from this working conductor by a light 
structure on top of the car. This consists of a low skeleton frame- 
woilv which carries an adjustable swivelling trunnion, having at 
its upper end a jaw in wliieh is suspended a counterbalanced 
trolley pole, having at its extension a grooved wheid held by a 
spring against, and making running flexible contact wlfh, th(> 
under side of the working conductor. The flexibility of this ar¬ 
rangement is very great, it being able to follow with' perfect fa¬ 
cility variations of the trolley wire two or three fetit in either 
horixontal or vertical direction, at any sp(md, and around anv 
curve. What is all important, it relieves the line of sfraiu in¬ 
stead of adding to it. When getting to the end of the traiik this 
trolley trunnion is swung around so as to trend in a lu-opcu- diix'c- 
tion abaft the centre of the ear. If off the line it c,an be rephumd 
from the car cpiickly and easily in the darkest night, h’rom tluf 
trolley the current passes through a protected wire to the light¬ 
ning arrester and thence to two switches, one at eaeli end of tlie 
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car, wlience after whatever commutation is necessary, it goes 
to the motor circuits, and thence to the wheel frame. 

The return circuit is througli the track, and tlience l)y botli 
metallic and ground circuits to the station. Eacli section of rail 
is joined to a copper ground wire, which runs througliout tlie 
length of the road underneath or alongside the stringer pieces, 
which is to prevent appreciable differences of potential existing 
between tlie rails ; as a further precaution, at intervals of 5(J() ft. 
this ground wire is connected to an earth plate, and at seven 
])oints widely distributed, tliese ground plates are suppleiiieiited 
]>y heavy iron pipes sunk into iron ore, or 12-incli Avater wells, 
about 25 ft. deep. The ground wire is connected to the station, 
and there is also a main ground connection made tliere in a 
thirty-foot Avell througli a large sink plate, and another to the 
entire water-works system. Some modifications of tlie overhead 
system are now being made which, will make it inqxASsilile for 
any accident to one section of tlie line to disalile the remaindcM*; 
will enable tlie different sections to be operated independently; 
and, in case of a fire whicli may necessitate tlie lilocking or tem¬ 
porary disabling of/one part of the line, will allow this section 
of the line to be cut out of action either automaticaly or at will. 

liacli. car is fitted with a dujilicatc and very jiowei’ful motor 
ecpiipment. This is (‘arried entirely lieneath the car liody, is vcvry 
compact, out of sight, and necessitates ika radical change in the 
construction of tlie car. The body had to lie stiffened a little and 
3-inc,h steel axles put in. (.)ne of tlie great (ibjections \vhich 
have been met with in applying motors, whetlier sieani, electihnl 
or of any other character, to the jiropulsion of street railways, 
has lieen the difficulty of getting sufficient track adhesion to 
operate the car under all conditions of trat^k, loads and grades. 
Especially was tliis olrjection true in Kic'hmoud, where it was 
manifest that no a,pplication of a nioter system (louhl be fully suc¬ 
cessful unless the entiie weiglit of tlie caa* and its contiuits was 
made availalile for traction. 

One of the manifest reasons is, of course, the sli|)pery charai^hu' 
of the track under many conditions. Another thing should also 
be noted, a,nd tliat is that it is almost impossilile in jiractice to 
cast all wheels of exactly the same circumference, or at lea.st so 
that tlie patlis described by the lines of contact Bliall lie tlie samte 
Moreover, on curves, the wheels are all traveling over jiatlis of 
different lengths. Theoretically, the wlieels sliould be inde- 
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pendeiitly driven, l)nt since tlris is not possilde it follows tlmt tlic 
next best thing' is to drive eiieh |)iiir of wlioels inde|H'ndentIv. It 
IS a tact wliicli admits of no dispute tliut there are eonditii'ms of 
track wliich will not permit of a car being driven from on.' (lair 
of wheels oidy, and this ditHcnlty is often augmented lo- the fact 
tliat_ if one laiir of wheels only is used they will sonmtimes he 
leading, sometimes following; on heavy grades with one plath.-ni 
reserved for the driver there is a. very serious displacement of I he 
centre of gravity and there may he very mnch more ii-ei-ht upon 
orm pair of wheels than on the other. The whole experience in 
Ivichmond has been to emphasize the value and necessity <d’ in- 
(le])eii(ieiitly di'iven <‘ixl{‘s. 

To accomplish this, one motor is centered upon each axle, ami 

to allow the re(|nire(l freedom of ..and at the same tiine to 

preserve perfect parallelism in the meshing of the gears, and also 
hn-taking part <d‘the w(‘ight (d’ the motor olf the hodv of (he 
axle and to throw it on to the journals, one end of the niolor is 
supjiorted by donhlcMionipression s|irings phniiiij,'upon a lo<.selv 
suspended holt, which is sHi>ported from a ‘cross o-inler in th‘e 
liottom of the car. 

iho niotors are, then, so to siieak weighted or Ilexihly supported 
from the car body, and the motion id’ the armatures is transmitted 
to the a,xlos through intermediate gearing, <d' compact form and 
great strength, so that whenever the axles are in motion there is 
a, spring touch of the pinions upon the g.-ars. Harrim,' frimion a 
Single |)onn<l pressun; exerted in either direction wmdd lift or 
ypresH the motor a- slight amount, and no matter how onhlen 

tin; strain, whether iHcause ..fa variati.ui of load or speed ..r ■( 

reversal of directi.m of lotation, it is imp.,ssihle to strip tlm'm'ars 
unless the steady strai’n exceeds the strength of the iron (h<* 
pressure on the gears always being a, progressiva* one. Tl... motor 

urmature makes nemdy twelve revolutions to each rev.dnti.ui of 

(.lie (;ar 

The motors, alth.n.gh in one .sense independent, are cnmcte.l 
\_ith duplicate switches a.t either end of the car which atfonl 
siniultaiieous control of i.oth machine.s. 'ITcse motors, whi.-h 
«Tarit.y ,.f 7i horsepower each, can forasln.rt time 
work up to .,0 horse-power, ami are capahl.. of pro.hming a trai-. 

eieney h" p-r cm. .dli 

>n<«^lnnes are larntrolled by a single nmvement .swit.'h 
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w liicli effects the various commutations and reversals. Tliey run 
wilh fixed bruslies in l)otli directions and under all loads. They 
are run without any covering, and I have no doubt of having 
street car motors in such condition soon that the ears will he j-im 
over a pit, and the machines washed down with a liose. 

I he cars can lie run at widly different speeds, varying from 
the slowest cj-awl to twelve or more miles per hour. ' Tliey can 
be started ami sto|)ped without the use of brakes in the space of 
three or four inches, and wlien making the normal running speed 
c-an, in an emergency, he stopped and reversed witiiout lirakes 
witlnu less than a quarter of a car length. ^die starting, 
although promiit, is easy and without shock or jar. 

Emergencies sometimes bring out qualities of motors whicJi arc 
unexpected, or which at least if counted on are rarely ever 
brought into jilay. On one occasion a man was ilcscending a six 
per cent, grarle with a, hea,vy loa.l wlicn his liralce chain partwl. 
Seeing a sharp curve right ahead of him which he knew he 
would leave if he struck it at the speed he was running, he in¬ 
stantly reversed his machines and lirought liis car to a, standstill, 

and on the rest of his trij) handled his.chines entindy with the 

motors. On another occasion a man passing from biddnd one 
car directly in front of another was struck and kmadvcd down 
by the dash-board. Although the car was moving at a lively 
gad, the machines were reversed and the wheids sliqipcd within 
a toot of the luan. llyany other method of pnqmlsion he would 
have been killed. Frequently on a ten per Cent, grade, with a 
loaded car, the brakes have been thrown off', the machines re¬ 
versed, the ca,r stiqiped and started backward up hill witliin'less 
than one-half of its length, a test of the nio.si nmiarkabli* sever¬ 
ity. 

In n.itingthc wnitndofthecar, one is struck at the remark- 
ahle charac.ter of the traction, and cannot help wondering where 
>t comes from; unquestionably it is in a large measure' du<‘ to 
the tact that every pound of weiglit is available for traction, ami 
that the two axles being independently driven, can take their 
own JiiHl (AiK'h pair <»’ot the best 

Another thing to be noteil, where tl'iegrmiml circuit is used* is 
the increase of traction due to tlie passage of the currmit from th(> 
wheids into the rails. Exactly what molecular action lakes place 
has not been ascertained; it may he sinqily heating at the contact 
surface, but the fact remains that the traction is very lar-mly in- 
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creased. The magnetic condition of the wheels and tracks also 
has some function in this increase of traction. The wheels 
and axles are magnetized by the method of motor construction 
and mounting, and also by the passage of the current through 
them; the tracks are likewise magnetized by the current passing 
through them and also by the rolling contact of the wheels. 
T et, admitting all these aids, the results have been extraordinary. 

Sixteen-foot closed cars carrying picked loads of fifty-five to 
sixty passengers, and having a total weight of 15,000 pounds, are 
operated on the 10 per cent, grade, often with a slippery and 
shmy rail, and on 2T-foot curves, without the use of sand or extra 
help. 

These same grades and curves have been ascended without 
sand after one of the worst sleet storms which has visited this 
section for years. Various tests under the most unfavorable 
conditions have been made, cars often being required to cut their 
way through clay, snow and ice when the tracks were out of 
sight. No severer test could have been made, and the power and 
tractive effort developed have exceeded the most sanguine ex¬ 
pectation. 

Oars have often been stopped and started on the heaviest 
grades, and in the sharpest curves. One motor has propelled two 
care around sharp curves and up six per cent, grades. One car 
has pushed another of greater weight around the sharpest curves 
and up seven and eight per cent, grades both straight and com¬ 
bined. 

I have no hesitation in saying that with a clean track, and with 
proper gearing, these cars could moimt a 15 per cent, grade, de¬ 
pending on adhesion alone. During the four months operation, 
although there have been troubles and changes have been made 
while the cars wex'e running commercially, no car has been pulled 
a foot by animal power; if any accident has occurred to a motor 
the car has gone along with one machine, oftentimes with heavy 
loads and on heavy grades, or in some eases has gone home in 
company with another ear. One hundred and forty men who did 
not know the difference between a motor and a hand-saw, have 
been broken in, to handling these cars; oftentimes with remark¬ 
ably short training. Tip to Saturday, May 4, the number of re¬ 
gular cars on duty had not exceeded twenty. On that day at 4 
P. M., the hour when traffic becomes exceptionally heavy, we began 
putting out ten open cars, starting them from the eastern ear- 
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lioiise alternatiiii)!; witli tlic closed cars, l)iit finally banking tliein 
all up at tlio 01<1 Reservoir. At 6 P. M. tliey were started liorne, 
and sliortly afterwards these teii. open cars, headed by a closed 
car, were all run at I vill speed close together down tlie east-bound 
track; of Clay street. At one time fourteen cars were on the line 
l)etween Olay and llancock streets and the Old Reservoir, and 
shortly l)ef()re 7 ohihxik there were alxuit twenty-two cars on the line 
l)etween Oajiitol Kcpiarc atid the Old Reservoir, and at 7 o’clock 
tliirty cars were on the line, the closed cars l)eing very lieavily 
loaded, niany of the cars being run with two minute intervals. 
The three boilers, wliose ca|)acity is oTo h. p, were then supply¬ 
ing three Armington and Sims engines of 1^5 li. p. cai)acity, wliicli 
were driving the six railroad dynamos, and two Westinghouse 
engines of l it) h. p. (ta,i>acity, whi(^h. weie di'iving two alternating 
current dynamos and exciters, with an e<[uivalent load of l,0d0 
incandesccuit kunps. 'Idie mixture was enriched a,nd the tiring of 
Ixulers ])G(?amc pretty active, there laung in ad<lition to the thirty 
cars laully banked, al)Out I lO h. p. talu'n for lighting. 

The highest reading, howevuu*, on tli(‘. line was h‘ss than three- 
(piarters of the normal capacity of tlie dynamos, vdiich were 
originally intended for only thirty ca.rs, and the a,verage i-eading 
for tliis iiumber was only a trifle over halt the normal capacity. 
Some idea of the efTeedive woi’k of the automatic steaan regulator 
can 1)0 formed by an inspection of the steain (iiagrfi 
4: and 5. 

The ampere readings taken at intervals of ten and fifteen min¬ 
utes give a load diagram whi(di is rc‘.ally higher than a, c<>iitliiii- 
ously re(‘ording instrument wouhl show. 

The figures which follow, being I)a.sed upon an actual service 
increa,sing from eight to thirty cars, and extending ovxa* a period 
of four months undei* the most tiying <dr<*un!istanees, and at tlie 
most ci’itical a-nd care-rcaiuiring period of the enterprise's exist- 
eiH'e, will givii street railway mtui the most careful and liberal 
estimate of eveiy [lossible expense attending the operation of the 
rojid whi(*h is in any way dependent ujaui its idiMdimail ftuitures. 
Tlie operating expenses a.re given under two heads; first, tlie 
centra! station ojierating expenses, and seiaind, the roa,d opeu-atung 
expenses, tlie two constituting the total cost of motiva^ power. 
Tliese are given in detail, and they will prol>al>ly be tonnd to 
covm* every expense, although in some small ways tlie distribu¬ 
tion of these expenses may lie found to he clianged l>y several 
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moTitlis longer running. The fuel and other incidental expenses 
of the station are from the engineers’ record, and checked In- the 
readings of the electrical instruments. 

For thirty cars running on a dou1)le track the central station 


expenses are about as follows: 

58 42-100 ewt. coal, at 10 cents.^>5.S| 

113 70-100 cwt screenings, at 7 cents. T.po 

5 pints cylinder oil, at 75 cents per gal.4 7 

5 pints dynamo oil, at 30 cents per gal.IS 

8 pounds of waste, at 10 cents_..So 

Water at current rates. ; > oo 

etc.■.$17.75 

1 day engineer.' 

1 niglit engineer. . , ...... . 2,25 

4 firemen. 0 

1 cleaner. I 

2 dynamo men. 2 5o 

1 electrician. < nn 


LaI)or.. 

Lighting. 

Depredation and repairs on dynamos, 3 pen* cent. 

Depreciation and repa.ir.s on engine and hoiicn-s Id per 


Total (tenti'al station e.\|»enseH. . . .. g;.; 

Or $1.48 per car making Sd miles. 

[Tlie central station being o])erated for tweiity-fovir hours for 
lighting and i>owcr pnr])oseH, the lighting compiiny has n<d\- as¬ 
sumed charge and rents the power to the <!ars at; §1.(10 ptn- dji\. j 
III estimating the road expenses more than liheral allowanci- is 
made, Imt in a new enteriirise it is safe to err on this side ralh.-r 
than attempt to claim tor a system advantages wdiich will no! in 
practice be borne out. The expenses are then as follows: 

Oil, grease and waste. §4 5(! 

Brushes. ‘>d,, 

Trolleys... -V.'.'d 7 '. 7oo 

Material.7.. §<) .oo 

Three rnechanies and one heliier for thoroughly over- 
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lianliiig motors once a week, making repairs, ad¬ 
justing brakes, etc.'7.90 

Four inspectors, two day and two night, for oiling 

macliines and looking after brushes.7.50 

Two night inspectors to thoroughly inspect motors 
after cars are laid up and see that all bolts, nuts and 
connections are tight and that eyerything is in good 


working order for the morning run .4.00 

One winder and helper for making any repairs which 
may be necessary and any testing which is required 3.50 
Two linemen.5.00 

Labor. 27.90 

Depreciation on car work at 15 per cent.18.00 

Depreciation on line work at 10 per cent .4.00 

Depreciation. 22.00 

Total road operating expenses.$59.40 

or $1.98 per car making 80 miles. 


The total motive power expenses both in the central station 
and out on the road would not then exceed $3.46 per car 
making 80 miles, or 4.32 cents per car mile, and this includes 
everything except the executive and the salary expenses, taxes 
and insurance, and is less than 40 per cent, of the cost of opera¬ 
tion by horses with the same number of cars, and under the same 
conditions. 

But the showing is even better than this, for another fact is to 
be noticed, and it is an important one from an economical point 
of view. For example, twenty cars on duty for about eighteen 
hours make a mileage of from 1,500 to 1,800 per day, and if it 
were not for the fact that the schedule requires, them to operate 
part of the time on a single track with insufl&cient turn-outs they 
could make 1,800 or 1,900 steadily. This, notwithstanding the 
fact that the speed is limited by municipal regulations. Many 
of the cars often run 90 to 100 miles. The same mileage and 
intervals made by twenty electric cars could not, under the cir¬ 
cumstances, be made by anything less than twenty-five horse cars 
of the same size, and the electric cars probably carry in the aggre¬ 
gate just as many passengers. It follows that to get the same 
service with horses not only would the number ef cars have to be 
increased, but likewise the number of horses, conductors and 











388 


Tim SOLUTION OF MUNICIPAL BAPIP TIIANSIT. 


drivers. Tlie same mileage performed by liorses without tiiose 
cars and grades would recpiire a stable e(iui|)meiit of not less than 
300 liorses. 

A good idea of tlie operation of the system may he olhaiiied 
from the following weekly table, taken from tlu; i-i'conis of the 
railway company up to the present date : 


Week 

No. of 
curs put 
out for 

Avg. No. 
of cars 

out Miles 

Avg. 

miles 

Avg. 
miles 
per (‘ar 

Pa.sseu- 

gers 

Avg. 

pas.s- 

engcTH 

regular 

per 

per 

per 

]>er 

ptu* 

])er 

endin;^ 

service. 

(lay. 

week. 

day. 

(lay. 

Wiiek. 

day. 

Feb. 8, ,.. 

72 

10.8 

2,682 

876 

86.5 

18.764 

3,0,so 

15,.,. 

48 

6.1) 

1,211 

I7:i 

25.2 

6,6SS 

956 

00 

... 

77 

1.0 


872 

88.6 

i(;.,7oi 

2.858 

21)..,. 

1)1 

18.0 

•1,030 

577 

41..1 

22,94.1 

8.185 

M'ar. 7,... 

1)4 

13.7 

5,0.17 

731 

.52.6 

3.7,003 

3,,730 

14,.... 

86 

12.8 

5,818 

759 

61.8 

20,897 

2,985 

21,.... 

1)11 

14.1 

0,010 

9H8 

69.9 

80,8j)7 

4.887 

28,. 

118 

16.1 

8,031 

1,282 

76,8 

27,076 

8,868 

April 4,.... 

118 

16.9 

8,851 

1,198 

70.8 

2S,2{)0 

-1.087 

11,.,.. 

188 

19.0 

10,089 

1,.|4I 

75,9 

86,688 

5,240 

18,.... 

188 

19.0 

10,,7,83 

1,512 

79.6 

'10,090 

5,727 

25,.... 

185 

19.8 

10,895 

1,557 

80.7 

89,040 

5,577 

May 2. 

187 

19.6 

11,809 

1,616 

82.4 

45,.850 

6,479 

J),.... 

140 

20.0 

10,882 

1,5.)8 

77.4 

51,648 

7,878 

16,.... 

176 

25.1 

11,568 

1,652 

65,8 

58,598 

8,871 

28,.... 

186 

26.6 

12,128 

1,788 

65.2 

55,168 

7,880 

80. 

104 

27,7 

12,789 

1,880 

66.1 

57,519 

H.2I7 

June 5,.. 

181) 

27.0 

14,151 

2,022 

7-1.9 

52,820 

7,546 

18,.... 

187 

26.7 

1.|,6‘19 

2,098 

78.4 

59,219 

8,459 

20,.... 

181 

25.9 

1.1,871 

8,058 

76.2 

70,065 

10.188 



.... 

178,000 



762.748 



Witli the mileage which is now made, there is an aetmil saving 
ol aliout per <lay in the motive power expeiisi's as against 

operation by horses. It is liurdly necessary to point out that this 
would jiay a. good interest on a pridty hirge investnnmt. Tlu* 
eapaeity of the road to e(!onommally carry passengers lias been 
made so airparent that, the old city riiilwny, wlnhdi was operated 
by mules and has about I.*’, miles of track and Htt eaj-s, has lieen 
bought HI) and is to be eipiipped with motors operated fr.an the 
eame central station. A thir<I line will' probably be aihled, and 
in the near future every street ear, to the mnnher o( one hundred, 
in Riidnnond and Manchester, will be electrically operated from 
one station. 

From this same station is operated a {lower and light circuit. 
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Having thus seen what is possible on a street railway, let us 
briefly consider the application of electricity on a larger scale. 

The failure of the elevated railroads in this city to meet the 
issue of rapid transit is in no way more forcibly illustrated than 
by the number of plans which have been brought forward for 
discussion. Ho less than eleven have presented themselves, 
several of which have features in common and claim similar 
routes; and I will but very briefly review them. 

The Beach Pneumatic was merged into the Broadway Under¬ 
ground, and this in turn into the New York Arcade Eailway 
Company, and it is now familiarly known as the Arcade. They 
propose to run from the Battery, thence to Broadway and Madi¬ 
son Square, with four tracks, the two centre being express tracks, 
with stations one mile apart, and the two outer tracks for way 
trafflc. Thence the route extends to Fifty-ninth street by Broad¬ 
way, and to the Harlem Eiver by Madison avenue, with an ad¬ 
ditional route up the west side of Central Park by the Boulevard 
or some other avenue, and into the annexed districts. Branches 
are proposed to connect Broadway and Madison avenue on Twen- 
ty-thmd street, and the two'braiich roads on Forty-second street. 

The Underground Railway Construction Company has pooled 
the issues of the New York District, New York Underground 
and the* Metropolitan Junction Company. The route of the first 
is similar to that of the Arcade and runs from the Battery to 
Broadway and Madison Square with four tracks; thence up 
Broadway to Fifty-ninth street, and up Madison avenue over the 
Harlem River to some point near Jerome Park. Branches are 
also proposed from river to river on Twelfth and T wenty-third 
streets. The New York Underground road proposes to run from 
the City Hall Park east to Broadway, through Centre and Mul¬ 
berry streets to Lafayette place and Fourth avenue, at Union 
Square. Thence by two hues to the Grand Central, and Broad¬ 
way and Fifty-ninth street, up the Boulevard to Kings Bridge, 
the main line continuing under Madison avenue to the Harlem 
River and by a loop to Kings Bridge. 

The Metropolitan Junction Company proposes to connect with 
the two last named in the annexed districts, and then run over 
the Hudson by a bridge at Washington Heights, connecting with 
a tunnel through the palisades. 

The City Railway Company proposes to begin at South and 
Whitehall streets, crossing Broadway below Rector, xninning be- 
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tween Church street and College Place, Sixth and Sc\'enth ;ive- 
nnes to Fifty-ninth street and the Eoiilevard. 'riio lino would 
then run up the west side of Central Ihirk, crossing the Ihirlcui 
River above High Bridge, terminating in New Bochelle. 
Branclies are proposed for the ina'nciiial fei-ries on both rivers, 
the Post Office and Grand Central Station. I'he roadway is in¬ 
tended to be 50 feet wide and 12 feet below th(“ street surface; 
it is to liave four tracks, two way a,nd two exi)i-ess. It dilTci-s 
from the other underground railways in that instead of ta-king 
the street lines it proposes to purchase the necessary ))ropcrtv aaid 
erect huildings over the line of the road, which arc to t)e rented 
for sufficient to pay the bonds of the (;oni])any. d’he road thus 
running Pirongh the haseinents, so to speak', of the buildings, 
and crossing the streets by tunnels, becomes a coverwl roadway 
instead of an open one. 

Hie Icrminal Undcrgr(.)und Railway (’ompany pro|)()sesa I'our- 
track underground railway from the City Ilal'l along the pro¬ 
posed Elm street improvement to tim Grand Central Depot. 

Ihe Metropolitan Iransit (knnpany proposes two elevat<‘il 
steel structures, one on Broadway, between Chambers sti’cet and 
Forty-third street, connecting with tin* Graml Central Depot, 
and the other on the West sidci following tlui line of f lu^ wafer 
front to Garisevoort Ma,rket, thence up Tenth aA’cnui' and the 
Boulevard to Kingsbridge. 

i he plan proposed by lleman Clark is one of the most radical. 
He proposes a tour-track tunnel, beginning near Fleetwood Park, 
cut m solid rock 1.50 feet below the surface, coming down about 
too feet west of the line of Broadway to the Astor House, where 
It w()ul(.l connect with two two-track branches, one going under 
the North River to dersey City and Newark, and the othm- under 
the East iiiver to Brooklyn and Prospect Park. Passenger sfa,- 
tions would^ lie at the foot of shafts sunk every two milijs, and 
treiglit stations at intermeiliate shafts where freight pockets 
wouhl lie tunneled. lairge elevators would lie used Ibr hamllin..' 
the passengers and freight. ^ 

All of these schemes have their good and bad points which I 
do not propose to here discuss; but whichever is successful, (hey 
Impe to use electric motors for proi>ulsion. Now whatever w'l- 
claim for electncal motors, it would he, folly to attempt th<‘ hand- 
hng of the traffic (,>f such a road w'ithout fidl knowledge n,s (o Ihe 
(jharacter of the work which has to be performed and a perfeef ly 
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definite idea of tlie system of train dispatching which will best 
meet the wants of tlie public, and, at the same time, preserve an 
effective and economical system of operation. To fully consider 
this let ns Iniefly review the work which is being done on the 
elevated railroads, for example on the Tliird avenue line. 

Tins is eight and a lialf miles long. Grades vary from eight 
to one hundred and five feet to the mile. Tlie level stretclies 
amount to about one-tliird of the wliole distance, and this includes 
the stations. On the seventeen miles of single track there are 
fifty-two stations. In the busy liours there are no less tlian sixty- 
three fonr and five-car trains on the tracks. These trains weigh¬ 
ing f r’om eighty to ninety-five tons, make tlie lialf trip in forty-two 
minutes, ineduding stopping at twenty-six stations and discliarging 
and taking on jiassengers, or at tlie rate of alxnit ten traffic miles 
per hour. The work of tlie engines, wliich may l)e divided into 
three ])arts, overcoming tlie train’s inertia, lifting the train on the 
grades, and traction, and the maximum is at least seven times that 
necessary for traction at mean speed on a level. Three times in 
every mile this weight of 80 to 05 tons nrust he started fniin a 
dead rest, raised to a speed of twenty or more miles an hour and 
brouglit to rest in about eighty seconds. The engines have to be 
run witli 130 pounds boiler presBiire, and have a ca])acity of 185 
h, p. Fifty-nine per cent, of tlie power on a round trip is used 
in starting, 24 per cent, in lifting, and 17 per cent, in traction, 
and tlie average power developed per minute per round trip, in¬ 
cluding stopj)ages, is 70.3 h. p. 

The trac'tion necessary to handle tliese trains is obtained l)y a 
loc()ni<)tive weighiiig 22| tons, of which only 15 are carried l)y 
drivers five feet apart. With an engine a-nd the forward tnu'.ks 
of one car l)etween two girders, we have a weight of m^ai-ly 
1,500 ponnds per nmning foot. Tlie present weight of engines 
is not siiflicient to [iroperly handle these trains wlien the tnudvs 
are in a sli])pery condition, and it is not wise to increase it. It 
is al)S(>Iiitely nev.essaiy to keep np the high character of the en¬ 
gineering work of this road, and every eonsi<Ierati(>n of busiiu^ss 
jirndenc'e and public safety will permit of no laxity in fliis dir(^(*.“ 
tion. Yet these locomotives have done wonderful work. AI- 
tliougb on duty for twenty liours, with steam admittcMl to the 
cylinder for six hours only, witli an average horsc‘--pow<n‘ of only 
pm* (Tilt, of the maxirmim, and with all the incidental losses 
of steam, (hey (levelop a horse-power with less than a total ex- 
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penditure of 6.2 pounds of coal per hour; and the coal expense 
alone is only aI)out $1.15 per round tri|), or 2 7.-, cents per train 
.station. The operating expenses are 62 cents per train mile; or, 
allowing an average of four cars ((or train, 151 cents per’car 
mile; and tlnhs includes everytliing. 

Ihe pereentage of ox|)eiise.s oi. ojnu’alion and niaintenanci; 
for tlie whoie Manhattan .system may he n.ughiy expre.s.se,l as 
f(j|lo\\'.s: 


Motive power. .. . . ... 

Maintenance of cars. 'j 

Mov( mient of tradic. ' ....j j 

Mainte.nan(?e of way . 

(renei-iil expen,sc,s. - 

* .. 

riie coal costs ov(‘r $70(1.61)0 i)er annum, which is nmro than 
the wages of tiie engineers and (iremen, hut it is enlv .aheul oms 
sixth of the total operating e.xpcnses. Hence tlierc are ulhcr 
reasoiis tlian mm-ely a .saving in <'oid wliicii must he urged in fa.- 
vor of an elec-tric; .system as aga.in,st a stoiiin .system. 

(Tcnerally s|K*aking, tlu^ real needs ef rapid Inmsil are not 
l>e.st _suhserye<l by tl.e l.andling of long trains from a single 
tractive engine. True, tiie <a»nditions of .service on fiie elevated 
rad road, the crowded condition of tluH rack, and the great co.sf 
of operating nuhipendent steam engines malvc.-, it impra'ctieaide to 
work with small train units there. But the fact renuiins that the 
eihici.ive lengtii idy train which can he o|ierated hy anv sAxstem 
is limited; that this limit liasalrea.dy been reached on theelevated 
radroa,d, where only onc-si.xth of the weight, is now elfective for 
traction; and that the smaller the units the less the momentum 
of the traiipand^ the easier it is to ipiickly a,nd etlhdcntlv handli- it 
and the less will he the liability of, a,nd danger froin, anv de¬ 
rangement of the lirake ap|>aratu,s. h'urtherimire, the thrust of 
the moving weights on thegrade.s, the vil.ration due to Ihe shift im-- 
of the weiglit along tlie girder,s, the h-nsih., shea,ring and criisir 
ing strams on the structure are all nmterially increased hv the 
use of ajieavy locomotive at the head of a loiig train. 

Ihit since we must endeavor to iiicet all conditions id’ emdneer 
we. must tiy to meet that one which reipiires the opm-ation 
of a heavy tram by a single motor ear. In this ca.se 1 deem it 
advisable to make the motor car of about the Kaine size as tho 









TEE SOLUTION OF MUNICIPAL RAPID TRANSIT. 


898 : 


cars wliich form tlie traiiij equip botli trucks and tlms spread tlie 
weiglit used for tractive purposes over a larger distance. We 
liave now partly constructed a 300 li. p. motor equipment of tins 
cliai-acter. 

This car, wliose general external dimensions are similar to those 
of the i*egiilar elevated pa,ssenger coacli, differs in its coTistruction 
in many im])ortant details. The front and rear platforms are in¬ 
closed, and al)Out ten feet at each end of tlie car—that is, the 
space over the trucks—is j^artitioned off and reserved for the use 
of tlie motor man. The middle space has side entraiK'es, and is 
fitted for passenger ac^commodation. At each end of the car tlie 
flooi* framing is raised aliout twelve inches foi* a distance of alioiit 
ten feet from the eml, and tlie car body is eaj'ried on two very 
strong and heavy special iron trucks mounti*d on forty-two-incli 
wheels fitted with five-im^h steel axles. KnAv axle has an imle- 
pendent movement and is driven by a, tainlem motor, centred 
upon the axle, vvhi(‘h bears a pa,rt of the weight. The motor is 
also carried by heavy (*,ompi’ession sin-ings bung from the truck, 
by means of which a.s nnudi of tln^ weight of the motor as is de¬ 
sired can be thrown on to the boxes. Each motor, whi(ih is about 
75 li. ]). normal caiiacrity, has two armatures, eax'h of whi(*h is 
connected to a fixed and ad justable gear on the axle, the ralvio of 
the gearing lieing ahout 1 to 3. ^riiese motors will hav<^ one brush 
on each commutator, and tliat will lie a, toji brush, ftaich motor 
lias directly over it, in the engineer’s room, trap-doors litted Avith 
heavy ghiss panels, whicli allow the machines to l>e Siam at all 
times, and through winch the maitiines can alwa-^'s be reached. 
The controlling devices and switches are all <lupli(*ates, and tlie 
car can be handled from cither end. I’he ear and the tru(d<s are 
comiileted; the motors a,re well under way, ddnc (‘ar will be 
('a|)al)le of exerting a traidvive strain of at least |)ounds-— 

more than doidile that of the ]>resent locoruotives. 

but that is not the ideal method of traction. 

By a, system of electrical propulsion, the power can be distri¬ 
buted undm’ueath tlu^ i^ars, every (uir, or every two (‘ar*s if need 
lie, being a unit; and, although I do not think it advisable, ar¬ 
rangements c,ould be nuide for propelling a large numlier of cars 
uuder simultaneous control. By distrilmting the power umh^r 
the car, the wliole weight of the (air and ])assengers can be made 
(dTectlve for traxition. This w^ill enalile the cars to be stai’t(*d 
mor(‘ promi)tly, brought to s[)eed more ([uickly, and st(q)])ed in 
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sliorter intervals, increasing the moan rate of speed fur a given 
luaximnm, or vice versa, reducing tlie maxinnmi for ;i gi\-en 
mean rate. By making cars individual units of loc.omotion, the 
intervals between train.s juay he made one-fourth or one-tii'th of 
the schedule whicli must exist where four or li\-e-ea,r trains are 
.used. It may 1)6 said tliat this will iiierease tlu^ niimher of em¬ 
ployes that are necessary, d’his is tnu‘, hut it will increase the 
numher of passengers who, hoth day and night, woiihl make use 
of the system, in such a ratio as would make this increase of I'X- 
pensc insignifi cant. 

-Let us consider a ])ossihle system which woiihl go a long wa vs 
towards solving the (juestion of ra|)i(l transit. I will hriellv point 
■out its featurc.s. It would have four tracks extending from tlu' 
Battery up Broadway to Twenty-third Street; thener* <Iiverging 
in two divisions, each still with four tracks, om* along the line 
of Madison-Avenue to the Ilarlcrn River and tenninating near 
the Jerome .Park district; the other following IJroaflway and 
running up the line of the Boidevard and 'renth or Kleventh 
AveTiues. Two tracks would he res(trved for expre.ss trallie, with 
■stations a mile apart, and two for way tratli<!, with sta.ti<ms every 
third of a mile, every third way station <'orri>sponding with an 
express station. The tracks would he nrrangcsl in two tiiu-s, the 
ex|)r(.ws tracks being the lowin’. The entin^ system wiuild he 
lighted, ventilated and o|)erated by electricity, to'he siippliwi fnmi 
four stations on the water front, one at the 'Pattm-y, one at Mast 
I wenty-third street, one at Madison avenue crossing of tlui Harlem 
-River, and one on West One HundriHl and 'I’wenth-lifth stri’ct; 
tlie stations to he. operated hy eoinpound condensing engiiu’s in 
three units cotinecting directly to large, slow moving multipolar 
dynanms, two engines lanng of sutlicient <ai))aeity to Immlle the 
demand made upon any station ; trains to Ixi opiu’ated with one, 
or at most two ear units ; motors to he on Ihe trucks of one cur, 
centred on thea.xleainl with one rmhudion of gearing; i'xpri’ss 
spiu'd to he thirty miles an hour, and way trains to make fwelv<> 
trallie. miles per hour; tlui cnrnmt to ho delivered to the cars hy 
an overhead system with underneath imntaet, the contac-t wheel t'<i 
1)0 cai’ried on tlie car, siiiiported over the centre of the truck a.nd 
trending a little abaft it. Freight pockets at the level „f the 
way track could he run under the cross streets at ex press stations. 
Track to follow a line of grade of not more than 25 per cenl. ; 
.access to stations to he liy stairways, and where there is any 
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niaterial difference l)etweeii tlie street level and tlie track, by 
[lydranlic elevators, operated froni constant pressure tanks kept 
siii)i)lied antoinatieally by niotors. Ereiglit trains to be run on 
way tracks. 

Sup|)lenienting* this system sliould be a line of surface cars, 
lilvcwise operated l)y electricity from tlie same general source. 
In tlie lieart of tlie city these can lie operated from a conduit, 
or l)y the storage battery, and in all the sulmrban extensions by 
the overhead line system. 

The olijection of loss in transmission and recovery lias been 
raised as against an electric system, and also tlie question of brak¬ 
ing. Tliesc are easily met. 

We have systems of electrical liraking a train by fhe use of 
its motors, whic^li consist in converting them into dynainos, de¬ 
riving their driving power from the train, and using ui) its energy 
liy converting it into electrical eneigy, which can lie used in a 
variety of ways. In a storage liattery system tlie eneigy of the 
car can lie made to partially reidiarge the batteries on a down 
grade, and in stopi>ing. In, a direct supply multiple-arc system, 
ojierating a large nunilier of ears, this [lower of being able at will 
to convcjrt the energy of a moving train into ele<:*4’.rical energy 
delivered to the line l>y tlie same ap|)aratus which controls the 
s[)iied and power of the train, is of excaiptionable importaiuaa In 
a, double track system, the energy given to one tl•a(^k may lie com- 
nrunicated to the other just a,s efficiently as along itsidf. In fact 
in the entire electrical system every [lart is mutually connected, 
and there is a Ixmd of union lietween the different trains far 
more pmffiH^t an<l effective than any nuichanical (connection could 
b(u fflie u|)-graxh^s on one track lieing eijiml to the down-grades 
of th(i other, h is evident that tlie total up-grades of a system is 
e(|naJiz(‘d by the down-graxh^ thereof. If, tlien, energy is ex- 
p(vnd(‘d in glutting undm' way and climbing uj)-grad(3s, and a large 
[iroportion of this cian lie i*ecovered in stopping and in running 
down graxh‘, it is evident that, the total initial energy reijuired 
woidd 1x5 that luicessai-y to remove the trains cxmtimiously on 
lev(*.l grarhns, with a, |)er(;entag(3 for loss in conversion and recon¬ 
version added. The more train units which are ()perate<l, a,nd 
tlie more fre(|uent tlie stoppages, the more marked is this ad¬ 
vantage in an ele(!tri<( system. 

1 some time sin(*e made a number of determinations of a, sys¬ 
tem of the equipment capacity of the Third Avenue Elevated, in 
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wliieli I found that about 4(1 per eent. of the [lower could he 
saved by tin's system of lirakin*;-, where iwery niotdr eoniiiid to a 
station or running on a down-grade is made a gman-ator wlii<-h is 
helping to supply the current needed to ojK'rate (he remainino. 

trains. 


Instead of tlie ciinnnt iKn’Mij;' all sup[)li(‘<I hy a main y;’<‘n(n’ntint»; 
station at one or two points, it would be isu|)|>lied from ihn*u*Iv as 
many moving’ stations along tli(‘ line as thm’id would he trains 
slowiiig dowri or running ori anifwre In fant, tin* 1 <kss of 

the two conversions and one transmission would bi‘ more than 
coiniter-l)alaiiced, and (a>nse<|U(‘ntly the original horsc'-powibr at 
the central station would be no moi’e than tin* aggregate* md 
borse-power rn)w developa^^^ entin* lim*, and Ibis is only 

al)0Tit per cent, of the total <aij)a<*ity oi‘ tbi* <*ngiiit*s. Wdtii 
any given potential and losses on tin* lin(‘,thi‘main ('onduetor 
would bo veiy nmeb smaller. Not only on tbt* limn but at tlu* 
central station woidd a saving 1)0 alfeeted; for in a system of the 
capiu'ity oi tha,t which wt*, are cofisidta'ing this saving on lots, 
VbuildingB, l)oilers, engines, dynamos and fittings would be not h*ss 
tlian $400,(H)U, and there would Ik* about lO piu’ (amt. saving in 
the (X)al, lail)or, deprefaition and in<ad(*ntal (‘Xpemses of tin* (amtral 
station. 


Anotluvr nH4.h(Kl (if usiiig (he ui.itnrs for braking purposcH ia 
to break the eomu'etinn fr.im f:lu> line and rmnn-se’ (he mu(diine 
thmugl. a Ideal eirenit rni the train, varying either the hieul eir- 
emt or the eireuits of the machine. Wfiile in this position of 
lu-aking, if tlu! local circuit is op<;ncd and (he line connection 
made the machine would he instautly reversed. 

Llaliorate experiinents were made by me neiirly t wo years ago 
(HI the Thirty-b.urtl. str(.(‘t lirancli of tin- New ' York'Klevuted 
kailroad, in whieii the.se (jiiestions of gearing, of mounting the 
motors (in trnck.s, under the ear and liandliiig (he ear wiU.out 
Klioyirake.s were very thoroughly studied. 4’i.ere this method of 
brahmig was shown to he under tiie most perfeet (-(lutrol. W hen 
ysired, the braking could he nuule .so sudden as to cause (In, 
wheels to have a (aintimmus skidding rotation, not such a skidding 
as is caused when an air hraki, i.s put on too slairp!v, hut a rotatinr. 
slip which is just enougli to relieve the armature when the strain 

on It, reaehes the point determined hy the co-ellicienf, of adhesion 

on. tli.o railH. 

Ihisistlie ideal method of braking, liecause H.kimI skiddino' 
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and flat wlieels are an impossibility, and the wheels will turn 
until the tram comes to a dead stop, although, where the hrakiim 
power put on too suddenly and exceeds the grip of tlie wlieels, 
ley will reheve themselves by slipping just enough to keep the 
braking at the maximum limit. A train so governed can lie 
made to creep down the maxnnmn grade of a road at a snail’s 
pace, and m an en.ergency such a car, running 21 miles an hour 
■on a down grade, has lieen stopped and reversed within 90 feet. ' 
len an electric motor is reversed its action is cumulati ve for 
«o long as Its motion contiimes in its normal direction, it tends to 
augment the current which flows through it with any given 
sc , ,iiig ot the switch, and thus very much increases the effiwt to 
■stop Itself ; and the li.gher the velocity at wliieli the armature is 

impossible with a properly constructeil railroad motor to prevent 
Its reversing when the switch is thrown over far enough This 

IS anotlier pomt in which an electric motor has a great adwmtage 
over a stea,ni 

So It wouhl seem that electricity has |)ractical advantages over 

odier thai. ' of traflic, and there are consii'lerations 

otlie than purely engineering ones. The use of electricitv in- 
« cad of steam would do much towards making a road of "this 
diaracter popular. We would have e.x,iress ami way tmins start- 
mg and stopping smoothly and (prickly, moving at a high rate of 
speed imd_ rinmmg at short intervals. Dust, smoke, cinders oil 

Icaiiei. Ihetram would be safer and i.mlcr more j.erfect con¬ 
trol; motive power would cost less; depreciation on the track 
structure would be iiinch less; tlie carrying cayiacity would lie 
nicreased; cars would be brilliantly lighted; comfortahly hcabal- 
ni short, eyerydimg which would make rapid transit safe, pl.ais- 

One of the most important sources of revenue from such asys- 
steiii would be the sale of power for stationary purposes. Alriai'dv 
we are oiierating no less than 130 different industries by (>lcctric 
UK,tors and die receipts vary from $(!() to $150 per horse-power 
he e.xtent of the application of electricity with any such gcnm-al 
source of supply caii hardly lie conceived. Its profits wouhl lie 
lai niore than enough to pay the total cost of motive riower. 
but we must not shut our eyes to tlie work which has got to 
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be done. We must not exaggerate tlie advantages of eleei v ; 
we must not belittle tlie position of a systtau whieli bas been <l<‘ 
veloped by the ablest engineers for* th<‘ last foi’t}* years. A11 t Inar 
experience, all tlieir study, all their vi(*tories foi*m a magnilieiaif 
groundwork for us to build upon, aiai will reialer* tlu* liaal vit*' 
tory of electricity more easy and certain if we build wistdy uiul 
take to lieart all the lessons which their* years of (‘Xpei’icnei* ft/anh 
us. In a small fraction of tlie for*ty year’s vdiicli liara* markiNl 
the development of steam engineering, electric engines will r ivab, 
in mechanical perfection, in construction and |)(a*f(U*inanct‘, the 
liest locomotives. Even to-daa*, weigiit for* weight, and duty bu* 
duty, the electric motor* is ah-eady rivaling aud <mtstri[>|>ing its 
predecessor. lAir the ])i*esent ariil for a long time to cuiru* it is 
[irobable that for trunk line work, and for the original soura-i* of 
our power in an electrical system, we will be (h»pendi*nt upon fho 
steam engine, but we all ho|)e and (‘xpeet tliat the future will 
bring ns some other eilcctive means of (*ouvcrting t ht‘ energy of 
coal into elceti*ical enci*gy, aud tha,t by souu* direct melbtHl wldeb 
will not reipiire the intervention of a, stexuu engine and dynamo. 
It is not too much to hope for, and already ex|H‘rintents fmve 
been made which for*eshadow this gi-rxit ix/sidt. ddri’ siu/ccss cd’ 
this discovor*y would produce sueli a, i‘cvo!uti(m irr the use aud 
distril)ution of power as to exceed oirr most sanguim* expec’la 
tions. 


''Ihn^: Pimsiriiomc—VVe have all listened with gj*eal plca^urv 
and ]>i’oHt to the very aide, inte!’(*.sting, aaid instructive paper <tf 
Mr. Hpi*agne\s, and as the hour is now latt‘, [ supijox^ wt* <»au 
not enter into any extended discussion np(»n i( to night. I 
think it would he very pnaptn* n pass a, vob* of thanks to Mr. 
Sprague for the pains and care lu^ has takcu in pnssentinc: the.’.e 
inattersto ns, and furthermore for tho cextrcuu* fn^edtun with 
wliich he lias spokeu of his ditKculticxs. It is a great indit’aiic n 
of a growdng art when electrical i)eopl(‘ can giM together and dis 
CUBS (piCBtions in which they are intends!,cd. k'or many vtairs 
]>ast there lias been a feeling of He<*lusivem‘ss among (diadriiail 
engineers, wbieli lias been inifortiiiad^^^^^ Smdi pap(n*s ns w(‘ an* 
having presented to us from time to tinns IinlicUe that that 
period has passed. The subject of electri(ul propulsi<Hi, as yon 
are all well aware, has received nnudi atl^adion during tin* past, 
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few years Its rapid growth is astonishing, when compared with 
the growth of steam engineering. It is really very marvelous 
indeed. We have had presented to us to-night, a general 
scheme of electric railroads as applied to Eichmond, Va. ^ Those 
who know some of the difficulties that Mr. Sprague has had to en¬ 
counter m this undertaking, cannot refrain from complimenting 
iim inost lighly, fiist, upon his courage and perseverance and, 
second upon his skill in overcoming the difficulties. (Applause.) 
Ihe difficulties are mucli more serious tlian they appear to us on 
paper, and I can fully appreciate what it is to deal with such a 
problem. Tliat Mr. Sprague has met with sucli success, and lias 
actually received his pay for a railroad of that magnitude, run¬ 
ning 30 cars, is I think a strong indication of what we may 
expect ill tlie futiire. ^ 

i ^ thanks was tlien unanimously rendered 

to oprague. 

Mn. &i KAUui'/. 1 legret the time is so limited as to iirevent a 

general discussion of the paper this evening, as I fully realize 
tliat the suggestions which others may make are oftentimes the 
highest poBsilile aid. I would not be just if I should ace.eiit to 
myself tlie kind reniarks wliich Presidcmt Weston lias made. 

1 Jie suecesH of tlie Eichmond railroad is due to the eoura<>e zeal 
and constaiit work, day and night, of the gentlemen who have 
leen assocuif,ed with me. I have had associated with mo Messrs, 
(xreen, (n-osby and others, who have been on the ground, and 
who have done everything to strengthen my efforts when 1 was 
not able to give attention to tlie Iiusiness myself. Of course we 
liave made mistakes, and will probably make a great many more, 
and if time permitted tliis evening, I would have lieen haiipy to 
ffiive gone into detail on the difficulties which I met with. 
kSometmu^s it is like a nightmare when I think of it; hut they 
were ihlliimlties which we were obliged to meet and overcome, 
(lilhciilties \chieli could not be foretold, and which had to lie 

met as they came u]). I tliank the Institute again for their kind- 

T 10 BH. (Apj)lailBC.) 
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The tweiity-eigiith lueetiiig of the Iiustitute was lield at the 
House of tlie America,ii Society of (Jivil Engiiiecu’s, No. 127 East 
28(1 Street, oil Tuesday, Oi'toher iH:h, 1888. 

The meeting was (jailed to oialer at 8 i\ m. l)y Sec'retar\' lialph 
W. Pope. 

Thu Sla!^^OTAK•vIii the aliscuK-e of the Pr(‘sid(‘nt, the indis¬ 
position of one of the Vi(*e-lh’esidents and tlu' ohjia/tion of 
anotlun* one to sei-ve this evening, it will he iiKjumhtait n|)on yon 
to select a ('hairman, aiivl 1 am I’eady to riaadve nominations for 
a, (Jhairman ,tein for the evening. 

Upon motion of Mr. Wetzlei* it was voted that Mr. ({(‘orge M. 
Plielps act as chairman for the evening, and \w took th(‘ (diair 
accordingly. 

Tn iHJiiAiKM AN (le I am indebted to yon for the 

(iom|)liment of being (adled on to [ireside to-night. I will ask 
the Secretary to state tlui programme for this eviming. 

Thk Skouktarv. As most of yon are awang the Imsimiss of 
the evening, a,s stated in the (aill issued, is the discussion of the 
paper I’ead by f'raidc .I. Si>rague Iiefore the Institute on dune 
19tb. On aeconnt of the length of the [laiier it was detuned wise 
to defei* th(j discussion until this fall, a,ml in considering the ad¬ 
visability of taking it u|) this evening, the (nnimul dtuudtjd tbat; 
as we laid a member in Riidnnond who had taken grtuit inttu’est 
in th(‘ work to which Mr. S|)ragn(i rtrferretl, and was in an en- 
tirtdy independent and unliiased jiosition, he would bij alile 
probalily to give ns some valnalile information in rt*gard to the 
work done. In addition to M'r. Leonard’s contribution to the 
discussion, I liave a riotcHuHini Mr. Alinori Eohinson, lAvwiston, 
Maine, wliich will also be read, in n^gard to gearing, 

M’r. Ixiouard tlien read tlie following: 





HOMR OIUECTIONM TO 'I’HR 0\'KK!iK'AI) 
OONDUOTOli FOE Kl.FCTiUO RA HAVA VS. 


ll^' .M. i;. i.iOo.NAi;i). 

Of all llio V!i.luiil>i(‘ papers read hefere llie Inslifule, pr.ihalilv 
iieiie lia.s excited i-Teat:er interesi (lam Mr. Spra-aie's adiiiirald'e 
coiil-rihiilieii on “ Fleetrie Railwacs, (lie Sididieii id'I he M iiiiiei |)al 
liapidTra.ti.sil-. Prohleiii,” in which the advanta,i»'es of eleelricil v 
iii pra.(*t-i<*ai eperalien h;i\'e Iieen so well se(. l.iridi as to (aiin'intas 

the most ske|)tiea,l, id' its sipteriority ovei' all other .thods of 

trac.tion for this class <d‘ traflic. Althouij;'h (he pajier was written 
with special l•(d■erence to the iidaptahilitv of elect ricitv in ,solvini>- 
the jtroldein id' rapid transit in the _i>'rcat eit v of New York, the 
henclits resiiltino' troni this system id propulsion imiN’ he ohtained 
e(jna.lly as well elsewheri', and provi' to lx- as permanent as wt‘ 
have found them in onr own historic city of liiehniond. 

.1 o electricid eni>’ineei‘s this conijiaratividy new a|>plical ion of the 
electric current, is one of the most, important (|neslions (hat ha.vi' 
come hefore them, and should he <-ar(d'ully siiidicd in all ilsd<«- 
ta.iIs, so th.it the delects and olij<-c( ions may he pointed on(. and 

provided a.ii-ains(., and the ino.st pmd'eet (hods devidoped as 

spi'edily and Inliy as possildia lint in workinii,' this inii'sf.ion 
out, it must he renienihered that “the more hasl-e. the le.ss 
Sliced,” a,nd tha,t Iiid'ore imdertakini;’ to snrpa.ss (he locomotive, i( 
is wi.ser to prove superiority over (he hor.se or ninie. Ihivino' 
accompli,-^hed this successfully, (.hen il, is time lo endeavor to 
riva.l sle.am. In att.em|)tin<;’ wind, have heen aptly de.serihed a.s 
‘‘lea.l.soi sini.satioual eni-’ini'eriitu,-,” it should always he home in 
mind, that fa.iinre inevitahly dea.ls a severe hlow to the whole 
cause of electric tra.(d;ion, the fj;eneral piihlic not lH‘in^- a.lway,s 
inclined to discriminate in smdi ca.ses, as will lie rememhered 
Irom the accident whiidi occurred to a niimher of capitalists and 
inviniineiit pciiple sonni years a.ii:o who were mii-'ao'ed in te,sting 
tlie traction system of a well-lvTiown (dectricia.ii. ' 
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A second point of tlie utmost importance, is tlie necessity for 
first-class worlvinansliip. Anything wortli doing at all is wortli 
doing \\^ell 5 and particularly is tliis the case with tlie ntilization 
and developinent on a large scale of a new force. This is so self- 
evident as to re(|nire no fnrtlier connnent. 

While it lias lieen successfully demonstrated in the city of 
liiclimond that electric traction is really the solntion of the rapid 
transit [irohlein, and we have felt in the increased valne of real 
estate, and the giewth of onr city in ])Oi)rdation, and reputation, 
the snhstantial henehts resnlting therefrom, I liave considered 
from my dail}'<hservation of tlie operation of this electric roaih 
that the overhend wire system cannot he nia<le a iierfcad or ideal 
method of operation nmler all circumstances, hecaiise of tlie de¬ 
fects inherent in' smdi a method. But tha.t it will serve as a 
irioneer in the new Held, to lie siipphiuted intimeliya more 
perfect system, 1 laive not the least doiilit, a,nd in the fol¬ 
lowing remai’ks 1 will endt^avor to show some of the ohjections 
that have come to my notice, although there may ht‘ others that 
liave escaped my attention owing to the extreme i“(‘ticeiice of all 
parties connected with the enterprise, douhth^ss from hnsiness 
reasons. 

Of the three iiuist coninionly used, the overhead system apjiears 
to be the favoi-ite. The latest report of electrics str(‘et railways 
in operation in America, showing that ont of a total of forty- 
three, not less than thirty-six are using the ovmhead system, and 
that a.t hnist thirty, now iindm* (amstruction, have ari’aiiged to do 
so. Doubtless tlu^ smallm* (‘ost, as companal witli tht^ otlier two, 
was a,n imiiortaut IVudor in deciding so largely iii favor of tlie 
overlieaxl condrudor. 

As used in Bhdimoml, tlu^ (letails of (>|)eration have* beim sliown 
so fully and (*learly in Mi‘. Spraguefs paiH*!*, that it is unnec(‘ssaiy 
to reiieat them h(*re, bey<>n<l stating that the rail and earth syst<*m 
is julopt<‘d in (*omi(*(*tion with the overhead win?. 

During the st‘vi‘n months of aidive operation of the liiclimoml 
Union lhisseng(*r Railway, many thousaiid |>ass(?ng(?rs hav<* l)t‘(*n 
successfully transixu'tod eveiy <iay, and at a veiy miu'h lower 
Cost tluin <*ould possilily have lieen done by liorse pow(‘r, owing 
to tlu? excessive grades en(*ountered, but the defe(?ts of tJu* over- 
lu?a,<l svstem are now becoming more appar(‘nt as tin* plant sulfers 
its natural depn?(iiati<)ti, and we are now in a better position to 
jmlge of its value as a permanent instit.ution tlian we (*onld ]) 0 s- 
sibly IiavcRbeoii lieretofore. 
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It is an undisputed fact that tlie eneiiinl)ering of tlio stnuds 
with tlie poles required for the overhead system is one of the most 
serions objections h:> its use, although tliey are hichhai to a large 
extent in many |)laces 1)y tlie shade trees and foliagia on the 

main streets of our cities where this system is most lilvcdy to 
used they are not only a grievous eyesore, hut also imaa'ast* tlu^ 
liability to accident from runaway horses and othm* ('aus(‘s. d'hoir 
appearance would not perhajis he so oilhnsive wei-e it possible for 
them to maintain an erect [losition, hut mi a,('count of tin* winght 
of the troll(3y wires, and tin* |>r<‘ssui*e of th(‘ trolhw, thi‘ tops of 
the pohis are constantly })uli(Ml togcdlnn-, notwithstaiiding they 
may have at first heen rakiMl in tlw ot!i(‘r direetion, and thus tin" 
unsiglitly effe(d; is augment(‘(L 

Those of us who are axapniinhMl wilh t(h‘gra|)h lims (‘oiislriic 
tion (ain appreciahi the grc'at l‘V(‘rage <‘X(‘rti‘d by a, lieaA v strain 
on the to]) of a |>ol<^ tw(mtydiv(‘ or (hii'ty WhA high imsupported 
by gipys or otherwise^ and will n‘a<lii\' nnderslainl that il is only 
a (juestion of time before th(‘ poh‘s must lx* r(*s(‘tor r(apla(*e<l with 
heavier ones, ddiis has been (‘SjirxaalU’ th(‘ (*as(* on tin* (*!n’V(‘s 
where the strains have beam gri'ah'st, in sonna inslainaas approx! 
mating a, |)ull of tloO lbs. Nor dotas tin* in*! woi’k of wii*(‘s; siian, 
trolley, guard and (mrve, inspire tin* public* with any fet'ling of 
hderation f()r the (listiguri its str<‘i*ts, but nms(. baslian tln^ 

tirruMvhen the clannar feu* un(lergr<)un(l wires will (‘ompcal tin‘ir 
removal. 

lint to my mind the most serious obj(*(*tion is tln‘ (*ni|>lovment 
of the bare trolky wire (airrying a. curnait of 500 volts a,nd alxait 
90 anlper<^s, whi<*h I (*,onsi(ler n()t only damgvrons to lil'v on ac* 
(aumt of the fr(*(pient br(*akag<‘s of tin* win* wlihdi on om* o(* 
('asion last rvpring in falling strindv and kilhxl a. horse* but aJse» in 
damage to prope'rty by fire. It is clainn*d that tin* use* of guard 
wires will always pre'vent tin* possibilities of suetli an oc<*urrene*e, 
l)ut. tin* giuu'd sviies did not oliviatea the^ Imrning and nnalling 
the tele*])hone win‘S wlnan on one oexaision the bre*alving of an e*x«' 
cliange^ t(*I(‘|)hone |>oIe threw them across the t!*olli‘y wire*, ainl It 
was ne*<‘cssa,ry to shut down the railway to i>re‘V(*nt tin* e*ntir<a de 
sta'uedion ol tlnuaxeduinge and [lossibly tin? firing of tin* siibsenlbears 
instruments and liouses. 

That the trolley wire iw liable to hroiikaoT' at anytiine liaH been 
Hbown twice during the paat week to tlu*’ intc>miptioii ol' travel 
and diBHatiKfa<!tion of the public. 'While not ho very Jong ago tbes 
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wires over one of the curves were pulled down on top of the car 
by the trolley catching in it, and travel entirely suspended on tliat 
part of tlie line for one or two days. 

A very serious defect in the use of tlie l)are trolley wire is the 
difficulty of securing proper insulation. Thus far porcelain knobs 
seeni to have been found best adapted for tins ])u.rpose, and the 
leakage resulting, es])eciiilly in damp or rainy weather must be 
eonsideral)le on the whole length of the line, and must cause a 
large waste of current. This is prol)ably tlie reason wliy it has 
been iiupraciticalile to run over about thirty cars at one time out 
of the forty with wliicli the road is equipped, and would seem to 
indicate a very large loss of energy. 

In view of the fjict that porcelain insuhitors were long ago 
coiidemned for telegraph |)urposes wliere a com|)arjitively small 
current is used, it seems strange that they should have lieen adopted 
as the best mea,ns for securing insulation in cin'uits of such high 
potential as are employed on the liicdinmnd road. 

The trolley itself seems to lie a great souof troulile, and diffi¬ 
cult to manage pi’operly. As has .hecui slmwn, it (/onsisis of a 
grooved wheel at tln^ (,md of a ('ounter halatUHMl poh^ Inhl hy a 
spring against a,lid making contact with, th(‘ undm- sid(‘ of the 
working comluctor. In rounding curves it must Ixr ('aiad’ully 
watc'Iual hy the (air ('ouductor to prevcmt it ksaving tht‘ trolley 
wire a,nd thus stoj)|)iug tlie car, a-nd at night extinguishing the 
lamps whi(di has pi’ovisl ex<a‘edingiy disagreixdih* to the* passen¬ 
gers, whih^ on huw days it has semmal maassary to put a third 
mail on (‘a,tdi (xir at a-dditiiaiid (expense for th(‘ s<d(‘ purpose of at- 
teruling t<> tlie trolhw. Sometinuxs the trolley pole has l)rok(m, 
or the springs holding it against the wir(‘ given aAv;:y, sto|)]>ing 
furthca* lU'ogiaxss of th(‘ car or reijuiring a. man to stand on tluM'ar 
roof Imlding the trolhw ]H>le against the wir(‘ until tin* re|)air sluals 
wer(‘ reaciuMl. 

One of the most urisatlslnudory fcatmxxs about th(‘ a.rrang(*menl 
of the Micdimond road is the ground circuit, not only because^ of 
the diffi(*ulty of g(ittlng a. good ground, which has in this (aise 
only lieen aijcomidished hy (connecting the track with the whole 
gas or water works system of the city, to the detriment of onr 
excliange t.tdcqihonci system, bo well descrilied hy the teleplione 
superinteiHhmt, Mr. McOluer, in Ids paper before tlie recent tele- 
pltoiie convention, hut the fact that it is necessary to have a 
cl(3an tra<'.k to work on ; otherwise vivid flashes of electricity will 
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aj)|i(3ru't<) the ternir <il' tlu' horses in tlie viciiiifv inid d.itium'e to 
tile motor, or should it ii:i|)]»eii tiiiit there i- a siitlioieiit <|iiaiitilv 
of <iirt on tlie rail, it will eaiiM- a hit;lier laeistane,- fh,.ni the 
{loteiitial of the curreiif can overeome. and of eoiir-o l!ie<'ar. 

Should the motor man yet olf to jmsii it o\cr the dirt, and fail, 
as sometimes ha|)|ien,s, to switeh olf the eiinvut I'lom th,. mnim-' 

I 111' I nil enrreni on t he line will jiass throni.;ii it jii- l a- .'■umii as a 
,yoo(i, eontaet is made, and the result is a hnrni'.•irmainro and a 
(lisa,hied eai'. 1 his seems to haAc heen partieiiiai'iv the ease 
dnrm,!-'the recent stormv weather, when 1 am inforim'd, liiat the 
iinmherof availahle cars for trallie on the road was n'diieed to 
ahont ten. l*o.ssihly the saturation of the motor hv the rain and 
the(‘fre('t(dMii-'htnino-,,,i the trolley wire had also s.'miethima- to do 
with theca-sm Owino- to the retieeiiee of the employes previoiisly 
roferre(lto,itha.sh(M‘n(liill(-uh 1(1 ascertain just what daniau-e ha's 
hcen caused hy liolitniiiif striking the trolley wiresand injuring the 
motors, hntthat there has heen .serious trouhle from this sonree, I 
have nodonhh The very best forms(d' liyhtnin-arresters have not 
proved snlhcient to prevent injury to electric liyhf dynamos 
where insulated wires are used on iheontdoor circuits, wiiile the 
hare wire n.sed lor the working condnetors on overhead electric 
traction sy,stems, must always remler them more sn.seepfil,|e to 
Ironi t ins ion. 

_ A‘>'‘|•'^'dlil^yd^n•fhs(n,,e,.ldh(■.lilli,Mdli..swhi<dlhav..h,.,.t,sln.wn 

II"'practical operation of the most extensive svsteni (d'electric 
''■■■'‘■'l'''''i';ll"''Vorhl._ity-iv..sn,,. pk.^^^ lo din-et attention to 
I he remarkahle hehavior of the Hprayne motors under all t he con 
dltlons to whhdl they have hcen siihject.d for the pa-t ...even 
month,s, which has heen indeed remarkahle. No h.ad hasheen to.. 
hea.vy, and no ■-•rade too steep for them to a.scend. I'erhaps the 
•seyeiv.st test they ever received wa,s on the nicht of .Inlv dth, in 
hnnyinc; the crowds from the new re.servoir park, \vdien 'the 
"|■<hn,•lry open cars curried over one hundred passenu'cr.s, and the 
(■ (..sed ears overseventy-live each, ,so many in fact that the axles 
ol (»ne or two of the cars hrok(( down under the load. All (d‘ 
which must he exeeedino.|y .satisfactory to the inventor, an,| 
!>laces the Sprajjiio motor at the very head of l.he nniny e.xccllent 
lyiws or forms tinit have l>een devised at, home and a,h'road. 

Ihe olijections referred to apjdy eipndly as well to a,U 
forms of overhead systems, e.xeept where a second wire is used 
for a return instead of: the track and earth, and also where tint 
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trolley pole is discarded for tlie movable trolley. But tlie in- 
('.rc^ased :nivm1>er of aerial wires required, as well as the lieavier 
fixtures needed to siistnfn them, render tliese sYst(‘ms just as 
objcc'tio'iiable. 

We ar(^ very aiixious to sec the eifecd of ice, sleet arid snow 
Tipou the o|HM'ation of (Uir road, as it has not yet ])assed tlii'ough 
a winter in complete running order. A heavy skiet storm has 
often j)i‘ostrat(‘d our telegraph lines, and I see no rcaison why the 
overhead electric railway wires would he exempt from similar 
troTihle, nor w'hy tlie co\'ering of thc^ rails by i(‘e and snow will 
not render it diflicult to make sufficient contact to o])e!’a.te the 
line successfrdly, not to speak of the loss of current by leakage or 
escape from the trolley wire. 

But I have no doubt that the ingenuity of those who have over¬ 
come all the ])rohlems encountered in o|)ening u]) with such suc¬ 
cess the liichmond Union Passenger Bailway, will he sufficient 
to insure its continued operation in spite of wind and weather, and 
to no one more than myself, will this he gratifying, siiu'C it was 
through my efforts that attiuition was first dircM'teil some thixicor 
more years ago, to the splendid oiiportunities for ekadric traction 
that IBclinnuu^ Although I am free to (amfess that 

my incliruitions wm’c towards tlm a.])i>li(aition of the storaga^ bat¬ 
tery, whi(di obviates all the trouliles and deft'cts (h‘velo])i*d ly the 
overluaid systcans, and against which no more smnons ohjc(*tions 
seem to he brought than the extra, wi^ight caaisial by the hatti‘ries 
ami the greater first ('ost, as com|)ar(Ml with flu* aerial systcans, all 
of which, it appears to me, an^ more than ('ountnrhalamaMl by tlie 
difficulties a,ml annoyam'e in the systems just desmabed,. 

''Phe very satisfacdory ri^sults obtaimMl in th(‘ operation of the 
new cdadric storage ca,rs on the 4th Avaauu* Railroad in this taty, 
as well a,s by Mr. Wharton in Phikukfl})hia,, M. Huber in Brus¬ 
sels and elsmvhere, [irove, as 1 havi^ always believml, the storage 
liattery to lie the only ideally peideid system of ele<*tri(* traction 
for munici[)al [lurposes. 

Tiie (hiAiiatAN A4etitlenuai^ if it is agreiaible to you 1 will 
ask th(‘, Hcnaadary ti) read Mr. Robinsoids pa.per, a,s Mr. Robinson, 
I belii'Via is not liere. Then, after the reading of tlie paqau’s, the 
discussion will be open. 

Tliere laeing iio olijection, the Secretary read M;r. lioliiiisinds 
(ionmuinicatiom 
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IJV ALMOX K'oJilNSON. 

Erohably no oiHMvil! he ilisposoil to diaiv that in dovisinn' a, 
eoiineetioii'tor tlio niotor a,ii(l tlio oar wIioOs, what i\Ii'. Siirainn' 
attempted to do. Inis been done extreinelyweil. Has he at- 
torn|)tc(l mII tlinf is desirMble 'i 

Mr. iSprao'iie’s in\'e.sti,i>'ation.s Inive sliown (liat, in .street ear 
work, a, very lari-'e iiereenta-e (T the whole powm- n.seil is ex- 
IHinded in ,sta.rt.in,m'tlie ears. Now it .seems to me, that a motor 

wlio,se speed has a fixed ratio to that of the ear ..|,s, 

work nnm.nomieally wlien tl,.' i-ar is movin.m slowly, for no 
umountol .skill .spent in ya.ryin,m' the maynetii- eirenit ear, pre- 
V(‘nt an arnin.lnr(‘ Innn wasting* a (airnad sen! || 
is |)ra.(d:i(Mlly slaiidino' still. 

iTrhap.s, howevm-, Mr. Spnii-'iie may he aide 
proiHd'ly designed motor will work with a h.i;,, , 
doinii-anyth ini.' which he puts upon it in railroadrim 

hit even in t.ha,t ea.se, there wo.ihl still remain 'the extra .-ost 

yd c.Ora^ weylit of a. motor la,ri.'.' enonyh to lift its heaviest load 
hy a dead pull. 

'•’'/do the hanly: part of his work, .Mr. S|ira.,m'ne i.s really iisiim' 

“ ‘ ■" 'vhn-h In. dishelieve,s.a slow .. motor ’ 

n the stora.,m'e ea.r prohlem this matter of ... 

(o,d. he.-omes the most imimrtant (dmnent. ilere, the pre,sent 

pra.('tuaM.s snnply, (he hiudin-.ahinitof ten men to do hv main 

ntrene'tli wha.t one man eoiild ilo hy a lever 

^*'l>y-l‘yrahiiityofava,riahhAe fm' ... has not 

(“wupvd the attention of e.X|)erimenters. In Mr. Henry's Kamsas 
T work an arranm'enient of toothed .marine, and ehdehes wa:s 
tiled. 1 have never learned wi.etlier this pa.rtienlur feature 
jm.v.HlalidpmmihindraiHie; nor wlietlier it is in use on the 
■Ilcmy load sum to he ninmng at 8an Diego, Cal. A prominent 
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inventor lias expended a good deal of ingemiity on the details of 
a plan making use of reciprocating friction pawls. Mr. lieclvenzann 
tried and aliandoned a leather covered chain, clamped between 
two cones iti such a way that tlie diameter of the circle of contact 
could be varied. 

Mr. Van Depoele Jias suggested, and I j)resume tried a con¬ 
nection having two ditferent speed ratios, in which friction gears 
were nsed. for tliis pai*ticular purpose (turnislring a variable 
speed ratio) I am obliged to confess myself a believer in the pos¬ 
sibilities of fri(‘ti<)uai gearing. 

lor electri(; railroad work, it is certainly imder a cloud at 
])rescnt. i liose wlio have used it most, like it least. The eminent 
engineer, wlio, about a year ago, read a pajier lieforc tlie Institute 
on “Methods of (}(‘aring,'” seemed to consider that it had lieen 
sent to its last resting phu'C liy tlie exjxnts who tested some of 
Prof. Pleeming Jenkin\s devices. 

No one seems f > noti(*e that every day, and on evin-y railroad 
this uiethod ol transmission gets tlu* rough(‘st |)ossibl(‘ testings 
that every locomotive [mils its train by fri('tional adh(‘sion ; that 
a rail and driving wluad are neither morc‘ nor k*sslha!i a fib'tional 
ra(d< and |>inion. When we try to <*opy the work of tlu‘ loc'omo- 
tlve under otluu' ('onditions our troubles begin. Ihit no man who 
has evavr seen a, freight engine climb agra<le has any laght tospejik 
with disi‘esp(‘<d; of fri(dional gearing. 

The real root of all th(v<lilliculties with fri(dlonal transmission 
seems to h(‘ that the [innssun^ producing adhesion d<H*s not vary 
with th<.‘ dimensions of tht‘ gearing; so that wlnm we nMlin/e tin* 
size and imu’east* the speed of the gearing, the friction at the 
journal bearings soon ]HMa)nu\s en(M*mous. For light work this is 
partly obviate(l by using, instead of metal, s(mie more adhesive 
material, smdi as pa.|)er, rawhide, etc. Put muie (rf these sur¬ 
faces will staaid a pull at all (comparable with that on the suibme 
of a I()comotive driving wlnad. 

Th(^ most promising im^thods would appear to Ih‘ thosti in whiedi 
till’ pressure is ])revented from acting a(n*oss the ])(*a.rings. This 
ideji is (airried out to some* t?xtent in the wtell kitown V grooved 
gearing; hut the unavoidable sliding and grinding of th(‘ suibuMis 
luakes it ini|)(>ssible k) ()1^ duty from it. Tln^ ulvn is 

niore fully (*,arried out in the dtwices of Sellers, Jenkin, and 
otliers. I do not Icnow that anything has l)een suggexsted—I cer¬ 
tainly (*,annot suggest anytlurig -which d()e md. leave, for the 
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pni']iose mider consideration, iimcli to be deterniined I)\- tri.-d 
Knowing well tlie cdlkd wInV-li actual trial is api to bini* upori 
untried devices, ] cannot blame an engineer who |)refers to 
let well enough alone, if a li\-ed sj.eed ratio is all Ibat he cares 
tor. But 1 cannot help thinhingtiiat a. usable conn,-etion, wldeh 
leaves the speed of the motor imh'pendent of that of the ear, would 
bo a valuable ac,|ulsition; and that a. probabilitv of obtaining it 
wouhlamply justify further ex|)erimeuts with met ho,Is ,>1 oeariim' 
l wwist,,n. Me., October drd, |SS8. 

1 III'; kSi.;oitKTAK-v : I might say, in connection with I hism.te ef 
Mr. Kobinson’s, that he was presmit at the meeting at w hi<-h M r. 
Reckenzaun read his paper, and he told me personallv. thai he 
was much interested in the subject ,.f fri,-ti,,nal gearing, an,] la* 
felt that it had received a “black eye” from Mr. Beclmuzmiu's 
pa] > 01 *. 

1'lie notices which were sent out announced probabh* 
contributions to the discussion by Messrs. Mansliehl and 
daek well. 1 have a letter of regret from M r. Ma.iisli(>hl of his in- 
a.lality to 1)0 jiresent, aaid I am not cerfain whether Mr. Blackwell 
IS hofi' this evening. d’lu‘re.are no oilier paj,ers. 


DlSCrssiON. 

TukCiiaiumani-Is Mr. Blackwell pr,>sent lomighl t If so, 
we shoiihl be very happy to hear from him. He doi's iml seem’ 
to 1 k‘ I kbit. 

^ interesting paper of Mr. I.. and fh.. i.ole of Mr. 

ivobmsoii seem to alfonl very good slarting points for I he discus 
sum, a.ad the ipicstion is now open for any gentlemen who muA' 
wisli t<. speak. I see there are a, number of gentlemen mere or 
less intimately connected with <-lectric street railwavsami eleciric 
ix.wer present, a,ml we should be giml to heaa- fnmi’aa.yof (hem. 

VVe shoiihl be pleased to hea-r from Mr. Kies of'Baltimore 
who, i s,,,e, IS present with us thiseveiiiug. 

Mu Kuias V). liins:-—Mr. Bresident a,ud (ieutlemeii: It is 
m.t often that a paper upon so broad a topic contains so much 
HolH meat, within, comparatively speaking, so limited a, space, 
us (.In; one m; are here this evimiiig to discuss. M,-. Sprague 
deserves to be eongratniated upon the abilitv a,ml thoroughness 
with which he has preseiitefi the snbje<-t, and 1 ta.ke plea,sue* in 
adding what little I can to the discussion of such of its fentureH 
as it seems to me require niore elucidation. 
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'Ihe paper, generally speaking, may be into two parts; 

one dealing purely witli tbe “ Mnnieipal Eapid Transit I'rolileni ” 
as detei'ininod by the conditions that obtain in New Yoi k city, 
and tlie other with rt'gard to the eonsirnction and <!|)eration of 
ordinai-y electri('street railways. J shall take np the lat/tcr ])l!aso 
of the pa|)er first, and then, if tiim^ |)ermit,s, will liave a few 
words to say on the gcncnd sitltject of rapid transit as a|)i)lied to 
the ,rei|nirenie‘nts of New York cit\’. 

Mr. Spi'agiK' in his paper retei’s to scvei’al iiiethads of convert¬ 
ing the momeidaim of a. train into nsefnl cnrrent, om- of tliesc 
(•(msisting in converting the propelling motor or motors of a 
train into braking geinsrators when rnnning on a down grade or 
coming to a stop, {ind returning the cnnamt gcneraicd back into 
the line for tbe pni'iiose of assisting other motors. This metliod 
necessitates raising the counter E. M . F. of the motor until it ex¬ 
ceeds ;the direc.t F. M. h'. of the line, and as this latter is -KHJ or 
tuore volts, it will be ai)i>arent that only in a tew caxceptional cases 
is the train energy or momentum snllicient to devcdop in the 
motor or moda-s anything above th(‘ initial electro-motivi> force 
for any appreciable length of time. Daring all this period the 
energy of the tiain'is simply laang (‘xpended in overcoming tlu^ 
dire<'t F. M. 1^., or in oilun* words, in prcnn'iitinu;’ the (nitr;iii(*e of 
tlic: line: (*iirr(‘iit to tlu‘ luotoi* by (!(*V(‘lo|>ini»‘ llu‘ or niorci 
volts iHM'ossfiry to o|)|h>s(,‘ it, ti i*osnlt that ('{U 5 bid ;is r(‘a<lily 
ol)taino(l witlnnit (In* (‘Xpt'iiditiin* of this oinn’o'v bv sinijdv 
o|)onini;' (In^ motor (n‘r(niit. Tho |)i*a(4i(*al ofhMd of tin* nndthod 
r(d*orr(‘d to will b(‘ to iKirtially l>rak(‘ tho train, but (‘XEC|)t in a 
fow oxt.ronnx oasos tho lino ourront dorivos no Ixandit oi* assist- 
aan'o thor(‘from. is, how(‘vor, aiiotluu* ainl nnn*o (aa^noini* 

('aJ niidliod of (*onsiU‘vin<i; tho snr[dus on(u*i!,’y of a laiilwav train, 
whi('h avoirls tho loss of tlu^ bulk of this onorgw, and at tho samo 
timo ponnits of th(‘ ntili/aitioii of this onoraw ujHf/t Mo fr(fhi Mvo//' 
a,ttim:s wlnni it is most napiirod. This nn*tliod, aa dovolopod by 
inv s<nno tiiina a.,t4’o, ('onsists in tlM‘ oinploynumt of a, Sfaxuidarv 
battiu-y, so arraM^aal as to l>e coimo(‘ted with tho motoiMuiaaiit 
wlnmevany as in stopping or dixsorniding a giaido, tho (Skirnec^tion 
betwoon tlui lino a,nd tho motor is intorrnj>tod, and tlio lattoi* is in 
oondition to gomnaib^ a (Muaauit ninh'r the? ijitlii(‘n(n‘ of tho mo- 
moiitnni of tho train, Tho l)attory (‘oils aro eomu‘(‘t(‘d in parallol 
or rniiltii)lo siri'iim (ardor during tho tinio whon .tlnyy aro in oirouit 
with th(‘ g(viu*rating or hraking motor, so as to oi)|)oso an electro- 
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motive force of only a few volts to tlie cliarp;iii^i>;' current, tlicrciby 
making the movement of the train or ear instant!}' av'!iilal)l(! for 
charging the battery, this charging process eontinniiig until the 
speed of the annature lias been so reduced !>}' its own lirakiug 
action upon the train or car, that it is no longer ('apal)ie of 
generatiiig tile few volts necessary to effect the entrance of its 
current to the storage battery on the train or car. In this ai-iuiige- 
ment an automatic ].)otential switch of special construction |>re- 
vents the closing of the charging cii'cuit until tht‘ E. M. 1*'. (ef the 
current fi'om tlie generating motor exceeds that of tlu' battm-y 
wliicli occurs almost instantly, and breaks the connection, when 
the E. M. E. of tlie charging current falls below that of the bat¬ 
tery, the entire arrangement being so simple as to re(|uire no at¬ 
tention whatever on the part of the motm-man. 'I'he current 
thus reclaimed on descending grades and stops is, in the K’iiss 
system of electiic I'ailways, employeil to I'lssist in opiu'uting tin* 
train or car when ascending grades and starting fri>m a position of 
rest. The liattei-y, or such portion (d' it as may be .s<t aside for 
operating the motor or motors, is of course dise'hargeil at a higher 
voltage, and can be utilized for eleetrie ligliting'and all <dher 
tram purposes to which it may lie ajiplieahle. It will thus lie 
seen that a. tw<il(dd ellect is obtained, since thi' surplus mierg)' 
<)f the train, which under existing conditions is ordinarily w astiai, 
is not only made to stop tin* train without the iisi'of friction 
brakes, hut the energy consumed in stopping the train is, with 
tlu^ exception of a very slight loss in conversii'ui. etc., almost en¬ 
tirely recovered aud turned to useful account. Mr. Sprague has 
stateil, iiM-eferring t(> the (.perathui <ff the New York (ievated 
r.n I way system, that .a!) percent. <d' the power expended by the 
locomotives on a round trip is u.sed in staa-ting, ii 1 percent, in 
lifting, aud only I T per cent, in traction, 'i'hat means tha,t Sh piu- 
<'.ent. ol the total power expended upon the elevated railway 
system in this city is consumed on account of stoppages aaid grades, 
of which nothing is recoveml, but on the other limid, (11^waste 
is augmenteil by the use of further steam toapply the braJ<es. if 
only one half, or say 40 per cent of this wasted’ energy, eaai by 
the uiethod above descrilied be recovered, of wbieh' f have m')i 
the slightest doubt, the value of electric traction for roads of this 
<sbaracter, over that at iiresent used will be aivparmit, from tliis 
i:itan(lj)()in(-. alone. 

Another matter of considerable importance is wbethei- one or 
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two motors are most advisable for street car work. I myself am in 
favor of employing Init a single motor directly geared to l)Otli 
axles, audit is the universal opinion of electricians and engineers 
tliat in a case of tliis kind a single large unit is better than two or 
inore smaller ones, and this is especially true in regard to street 
car motors. A gi-eat deal has been said about the difficulty of 
making j^atisfiKdory connection with both axles from a single 
driving sonr(ie, but this can ])e overcome, and I may say 1 have 
devised a nietlmd ol* doing this which avoids most of the difficul¬ 
ties heretofore en(‘onnt(u*ed. It is a ( juestion to my mind whetlier 
Mr. Spragne's assertioii that indei>endently driven axles neces- 
sarilv g!V(‘ hc'tter track adlu‘sion, can he snstaimal. In fact it 
seems to me that the r(‘verse is generi'lly tlu' (xise. ffihere can be 
no doubt, as Mr. Sprague state‘S, that in(h‘]>en(lently rlriven axles 
will slip until they get th<‘ hc^st grip, hut it is tdso known that 
a sliding wh(a*l or |)air of wh.eeds will rea-dily (continue slipping 
nn(l(‘r tlu‘ intliHUKas of tlu^ a,(*(piir(‘<l impetus and the rotative strain 
exertvsl upon tlicun by the motor. However, in oialinary sti’(H‘t 
(‘Urs the load is constantly shifting from th(‘ I’orwanl to the rear 
axle, and vie-e v(U‘sa, duci to the lurching of tlui (*ar and unequal 
distril)ution of the weight or loa,d. ffiluu’efore, supposing a car to 
1)0 slightly overc'rowded at its i-ear emd, the forward wdnuds must 
necessarily slip, and the motor driving them will run light for 
tlie time l)eing, leaving the rear motor, which wa.s designed to do 
but half th(‘. total work, to do it all, and subjecting it to an mior- 
mous ekadrical and mechanical strain. 1 have given this subject 
consid(u*able attention, and have (Mune to the (*onclusion that for 
street cars of <)rdiiiary c<>nstruction the jixles should /nl l)e indie 
|)en<leutly driven, but shoulil he directly I'-onnet^ted with each 
otlier, prefcj’ahly through the armatui*i‘. shaft of tlie motor itsiht, 
wliose weight is equally borne l>y l>oth axles. In this manner the 
(aunhined tractive elTeid; of all the whe-els may la^ obtained in 
unison, whi(‘h will reduce tlie tendmuy to slip, aanl tlu‘ load ujam, 
and work done by the motor will he a constant (luantity irrespiMM;« 
ive of the shifting of the loa,d. h'or pivoted tru(*k or tdght 
whiaded cars the objections to independent driving do not so 
siuaously a|)])ly, Imt the adva!itagc?s of a direct itonnection with 
l)otii axles of a truck a!‘e even more apparent for other reasons. 

I thoroughly agree with Mr. Sprague on the mattin-of making 
eaidi car of an elevated train its own motor, provided the motors 
of the entire train are (Huitrolled from a single point. In all 
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cases where stops are frequent, this plan possesses nnineroxLs ad¬ 
vantages, blit for trunk line railways having substantial road beds 
a single large motor, or perhaps a front and rear xnotor siiitalxly 
connectejtl but capable of independent operation wlien sepai-ated, 
will probably always be foiincl preferable to a nuinbei* of small 
ones. 

One tiling that struck me as very jieciiliar in c()nnecti<?M with 
the Eiclmiond road, was that an electrical eiigincHn* of Mr. 
Sprague’s ability and experience slionld so utterly abamiou all 
measure of precaution for the safety of liis jiassengi^rs and the 
public at large as would seem to be indicated by his enjideyinent 
of the track rails and ground as one side of the (arcnit, insteail of 
using a double overhead conductor. This is the mm‘(3 to be 
wondered at, when it is sliown l)y Mr. Spraguels own des('rii)tion 
of the elaborate and extensive means employ(‘d for coimeeting 
tlie track rails and re-enforcing tliern by sejia-rtite wires to iiisure 
perfect connection with one another, and with tlie ground |)i|)es, 
etc., that aside from its dangei*, this plan is c(:)nsidcn’al)ly more ex- 
p)ensive than a second overhead wire and doul)le trolleys would be. 
I can only explain tliis action on the part of Mr. Hprague, I)y as¬ 
suming that he has found tlie track return necessa-ry to enable liim 
to ascend tlie steep grades of the Richmond road, b}’' reason of 
the increased tractive adhesion obtainable, due to the pa^ssage of 
tlie propelling current from the Avheels into the rails. If my 
memory serves me rightly, it was not very long ago,— in liis ad¬ 
dress before the American Street Railway Association, at their 
Philadel])hia convention last Octolier—tlnit M r. Sjn-ag'ue stated 
that oil laiads liaviiig grades of more tlian six per cent, lie ]>ia)“ 
posed to attach a hill liorse to the motor car. Whether he in¬ 
tended this as a partiiig trilnite to the usefulness of tlui ])atient 
and long suffering car horse who has so faithfully scu’vaal the 
public, 1 do not know; but at all events he stated that he did not 
believe it possible for a self propelled car lo got u])the hill in any 
other wj^ij. This was some time after I had announced the in¬ 
sults of some exiieriments 1 had made, l)oth with tiny elecdric. 
current and electro-magnetism, in which I was alile to show a,nd 
demonstrate tliat the tractive adhesion of driving wheelsC(>uhl be 
very largely increased by these means, sufficient in fact, to enable 
a motor car to ascend a grade much steeper tlian any yet sur¬ 
mounted. 

However, I might state here for tlie benefit of Mr. Sprague 
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and otliers, tliat this increased tractive adh(>sinn can In* .d.taine<! 

without suhjetdino’ the pnhlicatJaru^^^ the dan-er incident to 

thenseof a'gruiiiid return. Kv.-rv electrician knows, an.i pci- 

liapsuo one iiettea-than Mr. Spra-iie himself, tliat a crmnid mi 
any circuit iuultip!ie.s the daiic-er of leakage ami mi an electric 

niilwav circuit carryin- a pressure uf In.. mU) voliMt shm.ld 

uever he permitteil. In the Rics cli'ctric railway ^y^te,^ u e Ian e 

a cheap and simple method of increasing' t he i rad ive adheneii 

without employ in- the track rails as a return, whi.-h can he ai. 
plied to any electric, railway opcraline' ,,n the parallel sv-lem. 

This consists simply in passiii”'the ciirrcnl Irmn the <'enduii er 
overhead cmidnct-irs, a,fter it leaves the mm or. to the fm-win'd 
car axle, whicli of emtrse is insulated from the car hedy. and to 
connect the rear axle, also preferahly insulated, to the myain c or 
return conductor. In this way (he current, after pa,--iny: ihrou'di 
the motor, must traverse that portion of the track rai!.^ Is mu !''■ 
tween the two pairs of svheels, whicli latter are tliiis iiiclmled in 
thecircuit. The portion of tim track rails travcr-cd 1 w the current 
will not act as a around Imt simply as a uood comincior in cried 
in the branch or loop that feeds the motor. Thi.- ir only one ,.t 
a number of ways in which an increased tractive adhesion niav be 
obtained, but 1 prefer in most cases to employ a ciirreni ihai ^ i," 
entirely independent of the motive current and of such puaiiiy 
as to produce a. very much greater and at the same time a 
variable tractive ell'cct. 1 may say that we are at pre-mif eu 
gaicetl in applyiiii-'this system to an ordinary ,'teaiu locoiiio|ive. 
on' a prominent railroad, and if the results .Tuained prove n. i.e 
jinywlH‘rc‘ iwnv what W(* hav<‘ n‘a.s*Hi tu i'XjHri frMHi rt ifiiin » \ 
|)ei‘IiMeMts iiia<h^ on a. sinallor :o*ah\ 1 >\v,\\l hujtt* !«♦ hr ahh^ 
yon a v(n*v (liMndod inco'oaio* in its |Mdliiu,»: r:i and fu < tfrot h 
t(anisi(h*rahl(‘ saAon^ in tin* of o]n*ralinu thr ristd. 

With nd’enHnn'o to tho idral mot hod of hrakiny I'rlrrml f»» in 
the inipiM* und«‘r dis<*usssion, 1 iniu:ht statr lh;H a lurdiheaiitiii m| 
()iuMd(M*tiv>nua.,ynotie Iraelion ajtjKiratns ha - hrm :q»|trn d In it 
for this imrposo. In thi.-^ we nnruiietixe lUv *‘ar w hrrh a in oiir 
triietioii api^aratns, hut in addition provioir aiM'lreirr iiMyitrili' 
l)Faking arrangtnnent, tlie whole lHn,ng: arranpal thai uhrn itn* 
brake eireuit is elose<l, not oidv ari* tlie l>rakr-. applird !«* fhe 
tread, of tin* wln‘(*ls, hut tin* erH*llieii‘nt of frinum iM iui'ru tin* 
wheels and t.ln* tra(d< railH is greatly anil siimiltanrously incTmvrth 
thereby enabling m to a|>ply a greiiliu^ biad<e 
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now possible, and jet prevent the wl.eels from .skid.li,,. up.,,. ,l„, 
nn s._ Ties method of bmkin,- is ellVetive in .d,u,.,st a,'; we'rh!!, 
a,.d IS applicable to street ea,-s or t„ .•aihv.ad tnuns.' !„ ,a.,. 
where b.-aknii.- ,s elfected bv utiliziim’ llu- motor or ,no,,„v 
braku,,.-e,,,erat,>rs, as befdr,> explaine.l, this svstem is still ai'ail' 
able and oidj ti.e tractmn eii-enit n.-e.ls (o be .-stabiisi„M| be! we,.,, 
tile two axles ot ,.aeh truck to i-ender it eire.-live. This i„ 
o,n,no,. e.mstitutes the ideal method of In-akinj. and belo,:,. 
tiv oni; 1 hope to be able to slmw you sueli a system In p,.,.„.|,y 

I haye ab-eadv oeeupieel more time tha.i wa. my imenti,,,. and 
on,ilh there ,i.,-e seyenal other matters that 1 s|m,d,t like lo |,.,ve 
<•'_l od atteat.on to, I belieye 1 have sai.l all that is n,.ee>sary ami 
V ill lea, somethiiip. f.,r ,,tbers to say while 1 lisi,.,,. [ aimivei-o . 

and tliaaik yon all for ll,<. eomplinnmt be.sfowe.i in ealli,,,,. up,.' 

me, and lor your kind and i-espe,«tfnl atlentimt. 

Iio.l. .M Ib.;xi„,,,no,v; I Hse to undo' an in-piiry. I bay,, 
eai. several eulo,i,.,es on the Spi-ap.,,.. motor (bat is u,e,l i„ ip,,), 

the ea,rs „i K.ehniond is anythin... l,m a plain. series.wo,md yp. 

->-i.s armature. ' l^-eb is the ease, it seelns ,o be a, ye,\ Idd 

" .""" <a.‘rfainlv posse.s.ses notbino- it ., ,i,h, 

^ har e mve,, ml eertam forms, the ere,lit .d' inyentiuo. tbme 

bv Mi- 

oi e tieo ‘ a '■‘‘'■V exeellent textd . k, ,m,| 

^ thatmns form a vry valnable addition to any eleetnVal 

“,T ,•■vm-ytldno. that an e i ia 
would value, 1 IVamd on one of the pa-v's ye,m , 

meiit of th,. Immiseli motor-, a motor that k ' t ■ 

thifim.l '<• inti-iMliae' i',',' 

‘‘-a-tiier inyenlm.'nlnZ^^ t'lr,";!,.''?' :;ri .vi'"" 

.11,:, ‘ 

fbonld eonlam anjthin.t. to mar its iuldi merit \ 

‘>“^«»''r-lb.ra v-erj small use.w sixtir'ilth o 'b. r . 

not a iit, subject for sudi a remark; and it n'llnrally* 

me to ask what; there is it. Mr. Immisch’s mot'or p. ndiar f'.'.M " 

, ... . „„ 
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abuiit it, .•iiKl tile name of the motor certainly belonged only to 
tlie manutacturer. Now, in these motors, we know that'Mr. 
Sprague has siient a gi-eat deal of time and given a good deal 
ot study to cei-tain lines of regulation in m'otors, hnt they are 
wirtainly not adai.ted to car inirposes, and if a idain series inotor 
IS [int npiin a ear why shoidd we call it one thing or another? 
d’herefore 1 think the imjuiry is pertinent. Is there anything in' ‘ 
the motor except that it is a series-wound motor sneh as' we luve 
been lamilia,r with a great many years, even before we knew the 
names of a, great im-my manufacturers who (lertainly cannot claim 
the invention of m motor of that class. 

Mk. ( . (). MAii,i,on.x It was at h'rst my intention not to say 
anything m the discussion this evening, but 1 think it is my duty 
to speak ilisinterestedly of the matter brought forward by Mi' 
Pendleton. While it is true that there are very few types „f 
motors existing, and tliaf in fact the ipiestiou of se'lecting "a, type, 
in the mind ol an electrical engineer who is about to design a 
motor comes down to hnt t.wo forms strictly speaking, yet itnloes 
not ajipear to me to follow necessaaaly, that we slumld !>(> com¬ 
pelled b) give to the motor designeil merely the name of that iie- 
culiar form. We have only to look intoother fiekis of cngin- 
eeriiig--and I know no better e.xample than that of the steiun 

.j'ow the names go. if we were to give ahsolutely 

to Oaisar what is his, the engines that we use to'-day would be 
known hy the names of people who lived liefoi-e we were born. 

As a, matter of fa,ct, while James Watt may have done a great 
deal for the steam engine, yet it does not follow that he is entit¬ 
led to the full credit of the steam engine, because if we were to 
place tlu‘ engine designed liy James Watt in contrast with the 
engine designed later by Oorliss, we would find (piite a dilfer- 
ence, and if yon would come down still further a,ml compare it 
with the triple ex])a.usi(m eomjxmnd engines now lining made 
you would find a, still more marked differeueti. \'(>t, strii'tlv 
speaking, they a,re all of the sa.me type—-a r(‘(•iJ)rocating piston 
taking steam at both ends, and the variatiiins inendy eome in the 
form of valve motion and various other details, n'ow, the criti¬ 
cism made liy Mr. Ihmdleton would imply that in designing a, 
motor you have only to look at a hook and find a pietiire riiat 
suits yon tlie liest, and tlien if yon decide that it is to lie a series 
motor or shunt motor, yon simply go to work and liave it made. 
Now, to ns who have been through' the mill—wlio “have heeii 
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there,” as tlie sayin_i? is, we know that the [n-ocess is far from 
being as easy as tliat. We know that thei'e are \'er\' intim-ate 
calculations to lie gone tln-ongli, and calcnlations that mnst lx* 
gone throngh under very advers(.‘ aaid tiwi:ig sitnat ions, inasninch 
as, so far from tin; art l)eing entirely known, we are in fact only on 
the dawn of knowledge. In other words, the data that we have 
■ to work from are very incomplete, and where fae.is, lieiires mid 
priiK'iples end we must go olten into the domain of ihe hypo¬ 
thetical to Indp <iiirselves oiit. iNow, I think that so far from 
disparaging tlie etlm-ts of pi'ople in designing, we slimihl on the 
otner ha,ml, eei-tainly give them ciedit I'm’ what they have dene, 
liecansi' '.ye ought to realise the amonm of sinds. hard work, e\- 
lierimenting, a,ml oftentimes expense which has been necixs- 
sary to enable them to arrive at tim.se re.-nlls. ! ;-;peak I’eelingly 
on tha.l snhject, gentlemen, because as 1 have jnsi .said, I ha,\-e 
heen timre my.self lots of times, and I know whal it i.s (o de.sign 
a, dynamo-electrical maehim' or an eleciric niolor, and I also 
know how it is to strive to accomplish results under dilliciilt 
c.ircmnstances. So I think that just as we giv(‘(‘redil b, design¬ 
ers id ,stea,,n eiigiiu-s and designers of other thing.s, who simply 
r(‘-a,ri-ange dcta.ils and n.se tludr best skill as engineers, f(»r the 
work which they have <lom', .so we should givemvdit to electricid 

engineers f.ir the wiirk that th(w aiv d,ling; and I claim that if 

Mr. iSpr.igne or anybody el.se is able as an electrical engineer to 
combine maleria.1 anil to moidd it .so that it, shall accomplish re- 
snlts that nobody (‘Ise has a,ccompli;,heil, tlail he is |ierfcctly and 
Inlly entitled to have Ihe motor known by his own name, just as 
much as a, steam engine is known by the makm-’s name.' ( A p- 
|)la,ns(‘.) 


Mil. PKNnisK'i’oN: J thiiik, Mr. (’ImiruiMn, in lln^ nnUirr of 
the pleadings of my friend Mr. ,Ma.iilon,x, that he i.s alwa.ys very 
ingenious, and very kind in matteis pertaining to inventions, 
although he did not directly reply to mv ipiestion. What I 
meant was that where a, ma,n has really become an inventor and 
a,,d:.udent in certain styh's of regidation a.nd has combined with 
thus, other jiatents anil (Ither inatters, he is entitled fnliv to tiu' 
Imnetit of his work and to have it known as his work'a,ml Ins 
style oi appa.ratns; hid; where he de|.a,rl„s from that to another 
type, why shoiild that name he contimied when it is nothing of 
his vvnidg arid belongs to soniehoily else. 'I'liut is what f siioke 
of. 1 did not intend to throw a liiimhsh dl into th'> emdroversy. 


DISCUSSION. 


It was a more iiHiniry. I heard the matter Janded and althoiidi 
1 kiiow the \vork ot Mr. Sprague, liis veiy intelligent and yon 
may sa}-andacioiis attempt to overcome tlie natural difficnlties of 
a, City liaAmii-- tiie p'rades of liiclimond, for which he is entitled to 
tlie liiphcst <-rcdit; yet at the same time J tlamoht that it mi<dit 
h(‘ well to distino'iiisli wliath(dono-ed to one and'what to anotlen- 
'I'hcrc is no rconlation in tiie motor of the pecnliar tvi.e that we 
. kn.ev ol hcl<,.np-in- to Mr. Sprao-no and which is particnlaj-Iy his 
|>i'operty. 1 saw a, slmrt time ap’o in tlie Klrrfnail Review of 
liondon, a remark that in America the verv sliyiitest dillercnce 
seemed to create a, system. It seemed to nie a very a.ii|,ropriate 
reimirk and limice my sim|)le im|niry wlittlier tliat was a simple 
scnes-wmiml motor of tlie ordinary type that was used. 

^ 'IhiK (hjAiitM.xN:-I do not think there is anv dani-'er of Mr 
Hprap-ne's lepnta tion for his distinguished service in the matter of 
street railways siill'eriny: any hn,rni in a, meeting of the Institute 
of Klectrieid Kiiyineers; hut 1 tliink we niiyh't hetter return to 
the discussion of the suhject of the. (wmiiiij;-.-. Air. Spra,i>'ue’s 
paper, and the criticisms tliat have heen presented upon it'here 
tO“iiight. 

I hope other gentlemen will take part now in disciissinp-the 
pa[HWs. Some inhwestinn; points weie noted hy Mr. lAa'mard 
partimihirly in rc-pard to wlia,t In* considered the deficiencies of 
the oveihea.(l syst.em and the relative merits of the stora,i>'e hattery, 
and tlnu'c are i-eiitleiiieii here, I think, <juite well acipiainted witli 
those topics or any other points hrouglit forward in the oripdnal 
pupor or I,ho pajxo's road this ovoiung. 

Dm VViini.mi.u: : I see that Mr. A]>ra<,nie is present. Perhaps 
he can add somethin.!-- to wlait he said hist spring- on the siihiect, 
andjierlnips reply l.o some of Mr. Leonard’s renia.rks. 

liiK (hiAiu-MAN. M.y defective eyesi.ijht will have to lie my 
<‘.xcuse for not seeinpr Mr. 8pi-apue. I hope he will speak to u’s 
a.t this time. 

Mu. h'iiA.NK d. Sm;.A(aiK:~I am rather .i-'ind that some arijii- 
nieiit lia,s connrup i,, the discussion of the [laper. I think possihly 
i a ,111 in a position to correct some of the impressions which have 
hecn received so as to remove donhts ahout certain iioints. I do 
not care to enter here into a discussion as to whether any work 
that J do shall ,i--o nn»h-r niy nainc or in .srniie (.ther inaids. Ho 

far as the dilfereiice hetween the Hpra,i--iie motor in Richmond 
and the Hiemens mne-hine is concerned, either Mr. Pendleton dot’s 
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not know wliat tlie Spraji^ne motor in Richmond is, oi- M-iiat tlie 
Siemens motor is. We use in liiclntuind a, double commutator 
macliine which is nnknown to-day to any one exeejit tliose wliom 
I have taufj'ht. Its plan of windini>- has never lieen published or 
described. It is, as I say, unknown i'xct‘pt by the enipho'ees of 
my comjjany, and it there is any (piestion iis to tin* sindlai'it)' of 
that Mdnding- to some otlier, I have not the slic-htost objection to 
givinu; tlie necessary diagram of connections. It is a. series 


machine, bnt a series machine wliich has somi‘ peculiar chara,ctei‘- 
istics. It is wound with three sets of coils, and the peciilarity 
very largely consists in the method of connectini>', and certain 
switches, by which the coils in thi'si* machines are (aanniutatca! 
aiul reversed, their field magneti;.;a,l ion and their current varied at 
will, through progressive changes, by means id’ which, when 
desiiable, w'c are enabled under various loads to maintain an ahnost 

absolutely constant tiehl, while the current may s arv .‘!oo per cent. 

That has never been done wdth a, motor before; tliat is, lose 
regulate the Held that, with a, variation of .‘loo percent., a, perfeidJv 
constant field will be maintained. 'I’his (iehl connection is some¬ 
what poenliar, so much so that it wonhl be useless for me to 
attempt to describe it now, aJthongh I shall take occasion to 
publish a, descri])tion of it in the near future. 'I’hen- are, however, 
some characteristics of motors other than the men* winding of the 
armatures or fields, or their regulation, wdiich are (‘ssential for 
street car purposes.' It is, as Mr. Mailloux savs, a, .|m‘stion ,,artly 
of proportioning, ]iartly of calculation, a imtting together of those 
things which _you have at hand to nu'ct those conditions under 
which you ha.ve got to work. d'wo years ago, I think I may 
burly say, such a prolilem as eciuipping tin* Ricdimond rou<i, with 
Its abnormal conditions, with the circumsbuices of manufacture 
which we hail to meet, and in the time that was given to us in the 
then undeveloiied state of this art, would have been looked upon 
as somew-'hat ])repost{‘rous. I a,m frank to confess, tiiaf, hml I 
kmiwu what 1 had to go through, I wouhl, pm-haps, hn,ve ha,d 
neither the necessary courage, time or patience, or have cu.red to 
have risked tlie money which I did. I have spent in Richmond 
$15b,(K)d and I have learned something. While 1 do 
state all that I learned, I liave taken advantag.* id’ it in our fulure 
work. A. great many of tlie principles of regulation that have 
been associated with my name are not chara,cteristic of the Itich- 
mond inachmes. They are designed for other purpos(>s. Now, 
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refetring to Mr. Leotiaixl’s paper, a great inaiij of the detitdeiicies 
he s])eaks of exiwt in Jtiehnioiid, and unless the inaehines were of 
suj.)ej]iunian design, they nuist exist there. A year ago tliose 
inaehines were put in in a great hurry. Tlie maximum normal 
eai)aeity that they ought to run at is about seven and a half liorse- 
power. Very frequently they have lieen called upon to develoji 
ten or eleven horse-power, an increase of about .50 pei- cent. In 
the nine months during which this road has been in actual opera¬ 
tion, and it has run nearly luilf a million of miles and carided 
millions ot j)a,ssengers, not one working car has evei’ been inside 
of a closed shed. They have been lioused in the street. The 
[)hotogi-ai)h which you have in the report of the paper read by 
me some months ago gives you some idea of where tlie cars liave 
been kept. ()f coui-se, y<»u are aware that when a maeliine is 
running it is exposed to more or less wear. It needs something 
ot care and attention. A locomotive that makes two or three 
linndred mile.s, is sent into a round-hou.se, thoroughly eleane<l and 
taken care ot. It is a very good hxxmiotive that will run with 
salety, and it is very poor mamigxmient that will permit it to run 
tnore than three or four hundred miles without looking it over. 
The Richmond machines have run sometinu>s as high as or 

.S,0l)n miles without being sent inside! a covered shed. T1k>v have 
run without (!ov(;rs ot any kind or cha,rac.ter. d'hev huvt! run 
with six inc'hes ol water in the stri‘(!t and brake-beams running in 
the water, which was splashing on tlu! motors. 'rhe\’ ha\’(‘ run 
until you c.ould not tell what the machine was; until theaeemnu- 
lation of mud and oil and tilth was of such a chameter that no otliei- 
piece ot machinery in the world would ever have run. 1 am not 
resixmsible, mitortunately, lor the inanagxmient of the Richmond 
railway. 1 f I were, wi! would not htive the [lossihilify of a numher 
ot cars lying in the caj shed, so-called, unlit Rtrdnfy, after having 
been hd’t in the sti-eets during ten days of rain. 'I’iie report from 
one of my own inspectoi-s less than one winds ago was that there 
was no more trouble in rumnng a ftt-enr road by electricity than 
one operating three or four cars. He is a h'vel-hiiaded, practi¬ 
cal,^ cautious nnm, not given to .strong statements and very conser¬ 
vative in what he says or does. Me ssiys that out of t{i» cars 
there is no ditiiculty whatever in maintaining 
‘29 on the road, if only that legitimate, ordinary, reasonable care 
is given to the machines which ouglit to be given to them; and 
that is tlie ojiinion of otlmrs who know tlie exact circurnstnuces of 
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tiio RieliiiioiKl rnaiuig-cMuoiit, aiul the ('ImriK'Ivi- of (h,. mi loml'nico 
winch tlie i,Micl,ii,o.s laive l.afl. TIkt.. is „o ..looirio .-ar in' 11,0 

world wlm-li has ever made anvihiii-- like Hiese iv.-ords.iV,,m so 

to 110 miles a, <lay on as liio.|, as lo eem., nmh.r loa.i.s 

oo per wnd.. al.ove the normal eapamity of I he maeldnes. in ,1,,. 
hands of the men <d-tent.inms appoinled for poliih al pnrpoM.s ,.,n<I 
not for mfellie-em,,^ „„ i.iakino. o.ooo 

or .s,000 imles without ,yoino-insi<|e a. siie.l to he (deaned ,.ir f 
’■’'f '-rank, and some time ayv, when I nnnh’tln. 

statement, as Imlnl h, ll,,. paper that was read here, that we uonhl 

f-et, to tli.'it po.sitnm m electric ... which it woidd he almost 

an impossdnhty in ordinary n.se to break them down, .and that I 
pn>|>osed to wash maehi.tes <!own oi-casion.allv, to ml them cleat, 

Veil, I ,pnetly poeketetl that rmnark, ami within tin- next tidrtv 
<lHVs nr so we will have the machine <a,t, an,I w.. will pat one .d' 
th,.se armatnres t.haf pcmpl,. have l,ano-lm,l aJ.ont insi,!,. a barrel of 
wa cmhn-hvaa hoars, an,I we will tak,. it ont, a„,| we will 

,1 ''m " ntachimaw in ,-,xi,st,.n,-.^ 

tn-tlay that w, I staml ,t. On.* of (he ,li(!i,.„l(i,.s whi,d, will o,.,-nr 
on ■in.N toad where .-ars are not |,rop,.rly ati,| .haanttly ho,tse,| .son,,. 

' ' " *'''‘''''.''-‘nur I.. •:'ars that are rtnmin- of 

'omse, want, np, the por..s op.m, (law ar,. twady for (he ahsorptfo.t 

' ■■•■‘Vin.nstttre II tt t-onn-s on a ,.ohl, ,lamp, mnrkv and,t, ami 

he,s,. ,.,,rs are hdt nttaady ,tnpro(,.,.te.|, (hey will ah.sorh more or 

I'nto'? "■<’ -i'v tt .. (here 

■> !-<'_vo|(s on (he lit,,., yon hav,- a possihidi v of a sh?rl cir- 

?■; .''V "''">‘'-lininnllics,VIr. l,eona.r.i tmmllons 

>nih h<Y''''-'''’.'■-•'•n.P'nir.e,! as of a, pnr-dy tne.dtanmal 
,hm very Im.y.dy („ laok ,d'or.linarv care 
1 hn-aktay ot a. trolley win-. som,.tim,.s ,.ans,.d hv a '(rolh-v 
•■'h httii. ,n It, can he, of ctnrse, almost entirely ohvia'f,-,! hv otic 

l-m-udn,,,, ,,, ^ 

l>"<lin,tf np th,- Rh-hmoml line we n,s,.,| hard 
Jlniwn copper. lanl^ ,lra,wn .-opper as it ,.om,.s of the null 
-IS a, tanarknhle tenacity, hnt when it has he.-n ha.mlh-,!, ami when 
uiidei die heat ,d .-i sohloriiti-- iron it has he,-n warmed tn, von 
«'<i”<.e. ,t practically to the streno-th of s,d'(; ,|rawn copper; ,,,’ ('hat 
.you wt 1 have at the point where s,>l,ler lets la-en a.p lie, w 

2 >ot winch entn-ely nullifies all yn.tr other precan i tns. ? ? 

future xvork, tins trouble will f>e eutin-ly removed, hecat - ? 
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will not use solder froiii one end of the line to tlie other. The 
use of silicon-hronze or alunvimiin-lironze drawn for high eon.liie- 
tivitj and great tenaeitj, will likewise render less possible anr 
aeoident due to the breaking of tlie wire. This wire can be drawn 
of fi-on. to ir.O.OOO pounds tensile strength to the s.|nare 

inch; anil being put np without .solder, 1 can see little |)ossibility 
oi tlijit vviro ever coining down. 

So far as the n.se (d' poles is coni'crned, if von use a. green pole, 
as the p<ile,s in lliclnnond were, it will bend; if impn.i»e!'lv set 
in a i-la.y soil it will get out of position. If itis |)roperl_v seasoned 
and ,sct in concrete there is no I'ea-son why it shi.-uld giv'e trouble. 
One of the most important roads that we have--w<'‘ have .some 


.the AVest End road of Moston. Rights for an 

overhead .systmn there having hwm granted within a. few days, 
we are |)iiiting up a. line that eo.sts four tinii's as much as the 
Richmond line ilid pm- mile. 1 believe 1 said in my recent 
|)aper that the objiation to overhead wires was enlirelv reason- 
ahle,^ beeanse peoph- did not put money enough into them. 
Ila,ving put all the money whieh I diil into the KMchmond r(!ud, I 
do not propo.se to put in any more there. ()n a. lu-w road, where 
I etui nialvi* my own conditions before the eontraet is signed. 1 
am willing to put in just as expensiw-a, road as is ilesirml. In- 
.d'oad id'imtting in wooden poles in Roston, we are putting in 
inui p(.d(ri tested np to Rdtio pounds. Instead id’ setting them in 
(day, we .s(‘t thetii in concrete. 'I'ho.se p.des will not eonie down. 
So dir as tlie span wires are eoneerned Iheia- is no danger <d’ 
tlidr hi-ea,l<ing. 

^ As to the ns(^ of a single overhe.'id line that 1 know is a much 
dLseii.ssed (|nesti,.n. Rut 1 lind I he pradiee of most p,.,,pl,. is a, 
single overhead lim-. 'I'lien' ha.s heen tt good dettl of kicking on 
the pa,rt of telephone companies. It has ehielly di;appeared 
d(>wn in Richmond, d'he troiihh- is that the telephone compa¬ 
nies had the earth and they wanted to ke(‘i) it.. (Ltiiighter). 1 
ctm .s(‘e n(» [lai'l ieiilar reason why a telephone (‘oinjiuny should not 
lie re<piir(‘d to e.vereise the same degnai of (-are in 'initting up 
theirjim^s that: they would if the electric railnaul were already 
in e.xi.stenee 'I’he tidephone man riin.s out hisclrenit tis ftir as lie 
can and (diarges as miieh as lie can, and then, la-ciiuse sonn^ poor 
railroad com|)any wants to pnit in some chcaj) tuid t-llVetivi'system 
of opi-rating its cars, I do not think tliat it is (]uit(> just on the 
part, of tlie, telephone compaiiio.s that they should'raise tlieir 
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liaiids ill sneli holy horror over the use of tlie earth eireuits. 
Mr. McCHiier, of .Ricliiiiorid, wlio was rneiitioncah had in^-euiiitv 
enoni,di to i-'et (Hit of liis troiililcs. lie took tiie troublenm 
over his inaiu telephone eireuits, where they eanie near our wires, 
a single return wire, and he niake-s his teh'iiiioue eouneetion.s to 
that. Ills triiiihles have disaivpeared. I .suppose it niio'lif 
co.st Inks eoiupany a few hundred ilollans. If he oh [eeted to paying 
that, I .suppose vve eould have paid it for him; lint lie has,'as I 
say, overeoine hi.s trouhIe.s hy the mo.st trivial jio.ssible expeiuse. 
If that 1 .S the only ohjeetion that teleplmne eonipanies have ..•of' 
It Ls not a legitimate ohjeetion. Wo far as the burning 
their c.xehange is eoneeriied, I will have to eorreet Mr.' Le,.nard 
in that. At the time one of their deeayed poles fell down and 
landed three or four hundred wires on top of our line.s, th(‘ dvna- 
jnosvvere not running at all. This is the only jiole breakage 1 
know ()f. We have burned out .some of their instruments,'" hut 
that, is simply lieeau.se w.> took a reasoiuilile amount of preaio 
t.on, and they did not. They got their wires aero.ss ours, and 
they got the worst of it. The great I rouble with lelegraph and 
telephone hn.sine.ss is this—the thousands of miles of dead wires 
I'angiiigdowii in tli<‘ .streets and over the ho,use lop.s. A ,„nn 
woo has a telephone does not take the trouble to take down Ids 
telephone wire alter he has diseonfinne<! the .serviee. 'riiere is 
in, axsthetie .sentiinent in a telephone eo„, panv. They are per- 
Wet y willing to,say: “Here, you eleetrie light peoph. uinl you 
(leetiie ladway people are eaiismg a givat ileal of trouble to 
<-Hsto,„er.s. Ifthey wouhl all join hands i„ an epuitahle ar 
langement, as .some of them have, they would have little 

(‘Miisid lo 

A eritiei.sn, has been made about the use of two nia.diiiies on 
a car. I have spent half an hour fridng to get, the length of this 
room with one motor o„ a ti per i-ent. grade, under a' condition 

which happeneil togiveasliiny.surfai'eon the rail, and I have 

mm under the same conditioirs, on a. In pm'cent, grade, with a 
vvonse track, two motors handle the heaviest loa.is. It is not 
inerely becau.se the wheels can get a, belter grip you ha,vc -oj 

.y...r r,.,, ... 

,u, t|,„„ II,„ ... 

Jlia. has been do„e-,-,H,ven on a level, and has the advantage of 
>J<!a,k,ng up whatever obstructions there are on the track ,mil 
leaving the tra,ck perfectly clear: if you put between vour wheels 
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a l)i-()om or l)rusli you have excellent traction It could not be 
done by gearing- both wlieels to the same motor, simply because 
yon could not get that independence of gri], tliat is necessary. 
Itunning both pair.s of axle.s requires certain devices, the vise of 

which, in view of existingstreet car practice in the matter of con¬ 
structing running gear, I do not tliink advisalile. There are some 
or 50,000 cars in the United States, and tliereare oneor two 
settled i>riiici|.!es in them; one is, perfectlv independent action of 
t le axles. No four wheels on a car are of the same diameter ; 
they are never cast alvsolntely alike ; they do not run necessarily 
on the same tread. Any diiference in the level of the streets 
will send the wviiglit of a car down on one side, in fact, it seems 
to mc,^ m the face of all I have seen, almost trivial to mak-e any 
Objection to the indepevident driving of two axles. I admit it is 
cheapei- to Imild one machine to imt on a car, but von can build 
two smaller machines of the .same cai>acity. S|)nce in a .street 
car is a matter of considerable importaaice. Von want to get 
large piiwer on a car to handle heavy loads, but you have goAo 
have it ill comparatively small space. 

As to keeping a trolley on a wire, I am (piite willing to enter 
into acoiitract to |mt a, trolley on a ca,r which never can come off 
the wire, and, in tact, some of our cars are now running with 
one 111,in, and have to run with om- man, .simply becaii.se the rail- 
I'oiid people won't pay an additional conductor.' 

The methods of getting rid of troubles have been, of course, 
subjects of a. great deal of study. It was not jaissibh' a coujile 
of yisirs ago to^ look forwnud and face all the conditions that arisi- 
in practice. \\ e electricians did not know enough about si reef car 
jiractice, and streel car men did not know i-nongli aliont electric 
railway.s,.so we had to join hands with the street car men, avid we 
had to pm the oirmmd nmlors into the hands of ignorant men 
and meet thosedilliciilties in order to know how to get over them- 
J t hink I may salcly .say t hat the mail we |iiit in. sixty davs froni 
now will bear about as little res-'inldance in details to the liich- 
inond roavl as it is po.ssible for any two roails to bear to each other, 
.simply becavise of great iiiiprovoments, not only in the motors,' 
Imt in the gearing, switches, trolley wmrk and all overhead 
^npurstructiire. 

A, two-wire system re(|uirt‘S from two to four times the weight 
overhead. Where we put a main conductor alongside of the 
strei't and reduce the trolley wire to a single oneafiftli of an inch 
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!n t.luit us t.<. our sfraHurc. in a 

ji,'ren.l: (lull Itolfer. So 1:ir as sa lVf v is ('onccrnod I lie fai-f (ha j 
iHU-so was kill,.,I in i;.i,-|i„!(„„i in (1„. ,.arlv .lavs of ninnin..' ir„,'> 
cntorion of T,vo uiros .-nv nior,. liahl,. lo ,.,„no ,l,,wn ll,an 
one; lint voii won’t i-'ot killod with ■l(((i .-.((n volis. I hav,- scv- 

(■fal times Irdven that |.otential myself. W'e ,l,m't kmov whi'lher 
l‘<| linrse that was kill,.,1 in Itiehmoml hmk,. his n,.,.k was 
kill..d liy ..leetrieily. li,. was hoil,.,! in ,,n|,.,. |,i, sk,d..ton; 

It'' i, lave a. l)r,)k(.n neck; it is not known wh,.|hei. iha! kdli'd 
iiiii. We had a, ninl,. ther... ( ha.n,u-ht,.r. | .V man thri'w a lump 

|>l_i«' down on to onr wir..s, Th,. first mid,, tw,. ,>f th,.m w,.r,. 
I)eiu^,lnv..n liy a. ,lark,.y, ran his h..a,l into the wire am.I ki,-k,.,l 

■md hiiaJly lell ,-v,.ra.n,| lay ,111 th.. wir,.. Ah.ml half an fmnr 

ii-iWr that f„.y t,.|,.phom.,l up to th,. general manam.r’s . tli,.,. ,.„„l 
'-VVe hav,. -ot a mule pn.tty w,.|| ms,.,! up hv a ,mrr,.;i|- 
want ,lama,oes.” He .sai.l, “All rioht.” Ahmit ' hs hours ar|..,.: 
'va,rd th,.y sent up wor.l that th.-y di.l not lidnk Ih.-v want,.,I any 
'liiiiia,it-<'s'; ihat mule se,.m<.,l to hea.-,.,.at ,l,.al liv..|i..'r I han l„.for,'. 
U.i'^ii:ttiiter ) In the .-as., of th,. hor,s,., that was o-ross .-areh.ssm.s.s 
‘’>'<li';|iiu'l ot ev,.ryho,|y ,.,me,.rn,.,! th,. ..on.lm.ior who lirok,. 

'I"' "-ho inv,.,stio.a(,.,| ip 

liors,., hut th,. ,mly .m,* injured was the horse. 

111.'slat,.nn.nt Ihat th,. Ifh.hnioml Companv has m.v,.r h,.,.n 
tliiKi Hiii-f.v <.a,rs out of forty is an ,.rror. 'i'h,. 

luehmomi roa.l n,.yer e.vp,.,.|,.,| („ ,,111 nmr,. than thirty ears out 
"I Its plant was hnilt for thirty .-ars. A forly'ear motor 

|''l"'l>'"i;iil liiid iiothmo. to ,|o win, tln.ir line work, or th.‘ir 
(nil .s .'d.on work. It is pi.rlV.-tly f..a:,iM..a matter of f;a.t to 
I'liii the ,.ntir,. f.irty ears. ' 

•As la,ra,s th,. ns,. ,>f th,. shu-ao-,. haltery is ,.one,.rn,.d, I am iust 
Iia anxmu, ,as anyho.ly ,.|.se that th,. .stormy. hatt..ry shouhl he a, 
.Mi<v. '.s:,. I.nt It wdl never .ii-et on a .-ar in lliel, mmd when lh..y 
h.i I'.tt'd topnt.|,,»,m poun.ls w.-iy-ht on that .-ar. 'rh,.y n-v,.',- 
hdor onyian ,,,.mul.s weight up a t,.,, eent. ,'ra.le’with a 

'th'ni'h'-.*'t*''i:^"''^w ■"<•'1'' III' t.|liei,.m.y 

with St "r, ^ ‘T'',’ I'l'orniiii'iKl.v eonm.el,.,'l 

vvitl ,sto.a,i..e battery work, been e.xperinu.ntinu. for a |on«. tin.,.. 

W,. keei)aea,..on tap. We have ha,I l.uilt humlr,.,ls of plates in tl,,. 

<.tilla,.s that e.xist .1. sb.rapm I,at;terie.s n,.w. We hope to l,a,ve a 

n,,rr,,al eap.wuty ,,f discl.arj,m ir>, say a tsr>.p,,uiid eell of not h.sa 
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than 75 or SO ampoi-es, atid ahihty to stand 150. The resis¬ 
tance ought to he about one third or one-fouith of the in-osent 
storag'.! battery, d’lic plates will be jn-aetically indestrnctihle; 
and, tiirdly, it won’t he a Faure coll. That is the sort of thing I 
am looking toi-. 1 do not know whether we ndll get it. The 
results, so bar, ha,ve hoen very eiicoiiragiiig, hut wc neve]- will 
attempt tocliusb a ten per cent, g.-ade with it, and we nevei- will 
put it on the ma,i-ket until we know it is .satisfaetery. Wo will 
do om- own expm-imental work. We expect to get the hattei-y 
down so that not more than 1,S0() p,,nnds is imc-e.ssm-y to handle 
the car under ordinary condition,s. That will he smimthiug of an 
advaiH-e. The credit will not he mine, ex<-ept that ! shall i)ay 
the hills. Two 3'ears ago it was n:?t po.ssihle to desgn a istreet 
car iii(d'rn- Ibi-cnitircly i)erfect. w<>rk, 1 do m.t think (mongh wa.s 
known a,h.mt .street car work. Certainly we are in a, position to¬ 
day to design a great deal hctter machines than we did then. 1 
shiill ha,ve the pleasure of .showing and explaining to this as.socia- 
tion in the near future our two latest machines —one ahont T 1-2 
horse-power, tin-other a,hont 15 —and their construction, 1 think, 
\vdl a.ppeal to sti-ec-t car peopk^ at least. I (hiid< hy tla^ tinn* the 
Ihrston road is running, which will he in about live or six weeks, 
if I’rovidc-nce is not again,st us in the matter of the weather, we 
sha,ll h(' able to show such improvtuuent to the overheufl line, as 
to its elliciency, economy and appeui-ance, the cliara<'ter of the 
motors a,ml the work which tluw will d<., as will la-a, suhiect for 
nintna.1 congratulation. 

Ihns: I shoidd .say in r(‘gai-d to the adv.-mtage of using 
om^ or two motors for |u-opelling caa-.s, that in ordinary street cam 
there is a,|)t to he a lurching moti(ai and weight is sidfted from 
th(‘ li'oni axh' to the rear a.nd /mv' C(/'.vc, and when cjich axle is 
driven independently, if the real-idatform, for in.st-mce, is more 
laxivily wcighbal the front axh^ nu'olves lightly. 

I herelore, the work is on a motor that is onlv half largti 
(aiotigli to <lo it. Ho far as the .sipjping of wheCs on the rails is 
<*oncei-ned, nei-r-ssitating (dcaning the track in winter -that can 
he iM-eomplislu'd liy placing hrn.shes in front of tin- forward pair 
of wheels. The principal obpjction to the u.se of two motors 
consists in the. bud, that it complicates tlie machinei-y. On a road, 
opcn-ating .sfiy, •td cai'.s, it recpiires 8d motors tvhei-c 4t) would do' 
the work. It is not at all necessary in the nstj of a single motor 
to intiu-lere in any way witli the jn-osent existing eonstrnetion of 
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the running gear of the ears. It is just as easy to a 2 )p]y a niotoi- 
to the present cars without making any change whatever and gear 
that motor direct to the two axles as to give each axle an inde¬ 
pendent motor. In fact I have developed such a system vvliieli 
avoids the difficulty of removing or changing any ];)ortion of the 
car. 

Me. L. F. Lyne:— I would like to ask Mr. Sprague if lie I'eally 
meant that a locomotive only runs 150 miles before it lu'cds re¬ 
pairs. I think he meant 1,000. There are rejiorters hei'e, of 
course, and if they get that wrong it will not sound well. 1 nn- 
stood Mr. Sprague to say 150 to 200 miles. 

Me. Speague : — I might as well correct that impression at once, 
if you will permit me. X said it was not practicable in locomo¬ 
tive work to run over 200 to 400 miles without the locomotive 
going under shelter and being properly oiled and cleaned ; I d id 
not mean going into the repair shop. What 1 say about the 
Eielunond machines is this: They are not imt inside of four walls; 
they are simply left in the streets. You cannot lca,vc a locomo¬ 
tive or any other machine in the street for eight months under 
all conditions of the weather and have a machine tlnit will not be 
apt to sometimes give you trouble. 

I was quoted a little while ago as making a, remark about hill 
liorses. I was asked by a man who was intei-ested in storage 
batteries—I believe he lived in New dersey—if I would recom¬ 
mend in the equipment of a road which ordimirily did not have 
more tliaii two or three per cent, grade, l)ut wliidi did ha ve in 
some particular j>laces a heav'y grade of eiglit or nine jKir cent., 
the use of motors which would climb a nine per cent, gradi'. I 
said that as a matter of commercial investment 1 would say no. 

I said : “ You will find it cheaper if, when you get to t luit eight or 
nine per emit, grade, you take the troul'ile to init on a, horwu” 
Iliat, certainly, was the intention of my remark. 

So far as liiclimond is concerned, 1 <lid not expect in the first 
jilace, tliat we were going to have a ten per cent. grad(^ tlnn-c. 
(Jiir specifications were for eight [ler cent. We h'ave in some 
places tlie equivalent of a thirteen per cent, grade. We develop 
■a remarkable traction, a traction wliich 1 never auticipated would 
be gotten out of a ear; but no matter how we magnetized our 
wheels there, unless we drove both axles we never would .mt ui) 
these grades at all times. ® ‘ 

Mr. Lyne:-T here are one or two iioints in the discussion 
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whicli f would like fo rofiT to. 'Du' (k'viciv, so far as I have hoeii 
able to <lis(‘ov’or, for traiisiiiittiiiy,' tlu' power froni the iiiot(»rfo tho 
shiiit of the car or axle ot th(‘ ear, hav(^ been, in iiiaiiv eases obso¬ 
lete device's. for instance, the i;-roo\’ed friction wheel lias bi'cn 
used on the “Iteii Franklin” that was tried eii the itfli Avenue 
road, d'hat devdeei was ahandoned bv eni''in<'ers \'ears airo, for 
the reason that if a, sidlieient pre.ssure was not: hroui^-lit to beat- 
on the.se wheels to briiu-' the friction np to tlu' lua.xiniuni point 
at. onc(‘, the surfaces would slip oii one tmother, and jirodiice a lliit, 
pliice. \\ Ik'u the I'ontaint' hx'oniotisc came out we wen* led to 
h('lie\e that tin* whole railroad .sv.steiu ol the cmiutr’.’ would be 
Ievolutioui/.ed in a lew months bv it. .\ certain few prediett'd 
its utter failure, and it faited, prii!ci|iallA in eon>ei|uenee of the 

tires n'etlin--- flat places on theni. .\s .-ooii as the\ di<| n-i.j jPp 
place they heyaii iiouiidina,- fhetnsehes to pieces, and the result 
was amlisuuintliny of ihe whoh' affair. We know that the same 

i" I".. in clinibiiiij;-e-rades. 'I'hev .slip, -'et llat |)laee>, 

and then the tires have to 1 m' turned off. 

1 am e-lail .Mr. Sprague is h<>re lieniolit and that he lui.s .so fullv 
e.X|daiued the dillieulties which have been .shown to exi.st in an 
overhead line. ^ 1 fully aitree with him that anoverhea.i lin*' nm.st 

he put up as d it was never comiti"-down, or else it liud bet ter 

not he put up. It is an old |trinciple in railroaifino that each train 
shoidd have its own independent motor, wherea.s, if voij huv«' a 
cable or a wire upon which a number of irain.s depeiid for pro 
IHillinff powi'f, when that lim- fails or any detail fails, \ou.stop 
your wlude road. Now, we have either -rot to have the merhead 
line a permanent .structure like a brid.ye or a railroad .strimtnre, 
or els(‘ you have i>;ot to re.sorf fo.smne inean.s like the .sioraee hatterv 
to f>-ive each train its own independent power, 'rheii.?f it fails, 
.voti can throw it one side and let the oflu'r trains mo\'e on. 

1 want to .say ju.st a word in reference to fiie storao-e hatterv. 

While I do iiot believe fully in I la-.stora.it<> battery as it is eon' 

structed at the present tim.', 1 do know that it has hl'cn misrepre 
s(>nf.ed in a -r<‘at many instances. I have b.-en l.d.i that it does 
not e'lvt'Hs oreat an efiicieney as i.s lopre.senled. .Now, we have 
jn.st te.sted .some slorafre batterie.s, and we ha\o p.f .so m s,-. 
c.ent. <d the charoe back, and tin- failure of .some of the batterie.s 
we put in two .series in which the plate,s failwi at tin' end of about 
t in-e and a, half iiionfh.s wa.s due to fault in (he material. We 
put, two oflu-r.series ri^dit in the same pinett with improv.'iueut.s 




4S0 


OVERUBAD OONDUOTOIi FOR ELECTRIC RAILWAYS. 


thatIlia(l8r,ggestecIfo.mtl,oexperieriee u'e hud witl, CIr. hist but 

teiues, Adneh con,si,sted in placing' the [.latc-s tivc-sixtccnths instcinl 
of one e,girth.r.t an indi apart. Then tin...scales, w],,.,, rh.n- to,1 
vrent drrectlj tn the hetton. instead of halging- a.a-o.ss the spac.e.s 
^|c.Ur een rhe plates, a.nd short-c.reniting them. 11 was (his hatt.ery 
t uit we teslmd the other- day an<] gut SC pur or-nt. W'c ha.s'.- had 
i m nse tonr months wit], m. trouble or .. wlrC-ver 

.-vi.N .... 

the ,sca es were formed the f,dl siz,- of tin- litth- spnare, ami they 
would trp ov.M- and lodge across the two plates. W'c have to h.-en 
at woHv at them afl the time picking o„t the scaJirs. 'I'lwre isVme 
<>ther n,.pr,»vem j,,,sheen suggest, h| ami whi<-h 1 think 

vvooden bridge or support upon which the plat,- n-sts Tint 
ean he m-erc„me by .snnply ma,king one series of plat,-s with a hn.- 
at nu-h ,-n<l .standing on the holtom of the cell ami th,-olher 
-series o plates re.sting on a, hard rnhiier s„,,po,.t ,c,,cc,| „„ top of 
tin- iilates that rest ,m the bottom of th,.-e,-ll. d’hat l,>av,‘s the 

giea,t tact, m the storage l,att,-ry, an,l I believe that a stora,.-,> 
battery will Ire made eventually whi<-h R-ill giv,- a goo,l etlieiencv 

uint he much lighter than the ones now ma,i,« 

Mu. M,..mom,;:.._The .pn-stion ,>f ,h-preciation of li,,,. is a 
<li'e.st,on ,C construction ven-y largely. It is <-ertatnly no! a 

<iue.s I wear. A consi,leration of th,-a,-tnal tin,,, i,, whi(di 

wire IS in contact will show this. With cars tint -o-c • 
two immite headway an,l running .seven mih-s a.n*’l„mr with'a 
'<>'"'<1 I'ylloy wheel, making contact ,m a. r,am,l wire we’h-ive al 
>Ho,st a hue contact, hut call it an eighth of an ii;ch nmtact 
Anv porlaoi, ,rt the wire is in a.CnaJ contact with the win-el less 

.. 

.. 

.> r, tniite. Our ground circuit is mad,. |,y three iiaths; two 
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tlir..uo-h tl|e l,o,!cr,s and watnr ennncnt.inus, and a third tl,i-.,n<d, a 
cnverr, unrn rnnnin.-ahont feet on poles ont, and dTrca-t 

<h'wn, to_ tl:e (raek. W<> l,a,ve laid liu-htnino. ,onu. over tiait ivir,. 
sevoraJ tinn-s, and the statenie.d'. of the eno;ineers is that it is 
ahont ail even tlnno- u ladh.'r it eoine.s in on that line or the 
*' l-nninales in a well, aa.d as a, ,natter of seientilh- 

mtea-est the . ... wateh it as it .i^oes into tins well. 

oi. lai as the leakage IS (•oneei-ne.i 0.1 that line it <-an easilv he 

nan per cent. It has never been siiliieient to eai.::e fir- siio-|,test 
<'l-‘ndio.. Ot ,l,e wi.-e exeept in ihe .-L. f 
tlw short (..ivnit. II ex.stii.e., it verv easilv he pereeived hv 
takiiio' the readnio- ot the a.iip.'n-e n.etei-. d’he leakage is nothin^. 
SO iMi* jts loss oj power !s <*oii(*(‘rii(*<l. 

Mr. I)^ K. Lun: Ifaiiythino. that I .naysay fro... what 
1 ec.xpin iei.ee have had will, idectrie hieoinotives will add 
anytlinie- to the si.eeess ,d- this .ne..ti..y, 1 shall h.‘ verv .dad to 
it. • 

_ ipol.t th(. only point that; 1 ea,.-e to eonsider at the p.^.siait tin,.. 

IS the iiieans ol e<niphn,i.- the .irniatn.-e ,d' the motor to the drivin... 
Wheels. In M,-. Sp,-ao.„e’s c.xe.dh.nt paper he elasses tl„. method 
<•1 ..onphno- with those othe.-s, eonplino hv n.eans .d' ehain 

«va,. tnet.on Kear. ele., i„ a way whirl., I thin'k, is .-ather har.i 

I have had some exp..,-ie„ee with some 
nl these metho.ls, a.id itsi-emsto me, as faras J ha ve olm-rv,.,! that 

‘ I'’'"' p ';';wplin,<.. ollVi-s e..,-tain advanta-es whi.d, no 

{'‘p J !"■ •'■•O' motion and p,.rfe<-t noiselessness of 
the wm-kineod fhiseoiiplino. ee.-tainly plaees it ala'a.l of ai.v otla-r 
Hiea.is ami Its m..<.hn„iea,l simplieify is ya-ealer than any oiher, all 
the details h..!.,.;. j-ediieed to a minim,im. 'I'iie ohim-tion ..siiallv 
ur«vd ,s that im a,.,-om.f of ,!,e s|„w sj.eed at whi.-h the arinatn,; 
iH.ist nee..ssa.aiy ..erndv.., ninnin.i? no faster than the diavei-s, » 
l.'iO'er maeliine ,s neeessary than where (he ai-matiii-e i.iav revolve 
.s.'verai times as fast as the .havers. This may he an ohjeetion 
■ipl luay not,, h, .st,-eet railway work, whei'e e,.,-tainlv not more 
')>■"> <'■» iiers.. povia.r is nee.ied for ea.-h ,air, whe.v the wh.de enitip- 
'••ent .pmild m.t we.e-h mo.-e than say pounds when the ear 

w (lade.J, the weii.'ht <d' the motor enters .is smdi a small part of 
the whol.. w.-.^dit ,.v..n ndih a .lireet e.iupied motor, t hat it is not 
ed sneh j-a-eat impm-tanee after all. If the ,lriv,..rs he .•,.dne..<| in 
<],ameteriosa,y IS inelavsor thereahonts, a motor eaii h.- built that 
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is not necessarily more than 25 per cent, greater in weight than 
one nsing gear of a ratio (^f 1 to 12. 'The smallness of tliTs dith.,- 
ence is due, in part, to the greater elKeieney of <lir«‘ct eoupling as 
compared to gear. (3f course transmissicai hy means of nvj'n. j!, 
not possil)le wlierc speed is reduced or changed from sa\-one to. 
twelve, or one to ten, without some considi-rahle loss oi' pewer. 
All diis IS saved in the direct connection where the loss hv trails' 
mission should not lie more than a \-ery fe\v per cent. ’Ve(' we 
must pardon Mr. Sprague tor claiming that his particular system 
is better than any other, for we are all willing to eo'neede 
this IS lint another proof that he possesses the iiei-essarv 
(jiiaiities whiidi go to make up a siieeessfiil iiu’entnr, and that .Mr. 
NinagiU' has a.lso a greater knowledge concei iiing his s\ s|eni than 
any other. \ c-t I think before tin* (do.se id’ this year, at least 
hetoiv the close of ne.xt year, results will be oblainci will, direct 
coupling that, will show that a direct coupled motor is ouiie 
ethcient eve,i_for'sn,all work like street ea.r service; and if the 
uuKdianicaU elticuumy and r,diability of this method be also eoie 
s.dered, 1 believe it willl lie found to far surpass any olber iii.'ans 
yet eni|)!()ye(l. 

Mu la.;oNAun:—With reference to the statement in my naner 
regarding tl.e Imruing out of the ex.dumge, that rei.ort Nviis based 
on mhn-mation I received from the teh>pho„e manager's ofliee 

yesterday afternoon. 

In regard to tlie difficulty and troulile e.xperienced by th(> t(de- 

phone e.xclui.nge ,,e(,pie, .,n actaiur gnamd circuit of the 

ete ncrailvyay, it has been largely, if „ot altogether nmiedied 
by the erection of a metallic, circuit, or what ann'.unts to the saim’ 
thing, a large copiier wire to which the telephone wires are 
groumled nistern a gas j.ipe as they ordinarily do. 

Ibe dffiiculty has lieen oliviated in that wav, but there aiu ouite 
annuiber,,tpriwiteteleph,,ne lines put u'p by various people, 
meludn.g our railway company who cannot affo'rd to go (o the e.x 
pense ot putting up metallic circuits and the result has been that 
we luive been obliged to discard our private dephone line and 
syLui' ™ telepl'one com])any and their nudulli,- <drcuit 

With retorence to the mechanical difficulties whiidi Mr. Spra-me 
alludes to am winch of course have been improvaal upon (d.sewlmre 
mncetheroadwashr.stere<,ted,it is true that those nnwhanical 
difficulties can at once be perceived l,y personal observation and 













DISrussiON. 


433 


tl T w V ! / was put forward as being a sample of 

le Inghed development of the problem thus far attained and nf 

^tiirgif f 

Tha. .he w*eS is * 

p«e„. to alMos. every one, and , ha. Mr. Spragne has m lZZS^ 
succeeded m improving on the overhead s^em is nothL more 

than what would be exnectefl* .m ti • • JiJore 

11 expected xiom the ingenuitv and skill with 

which he has overcome all the diffieulHe« the>+ .w: 
in .he Rieinnond en.e,-prise. «'>™n.ered 

Me. Thomas Whiteside RAE:_Mr. Chairman tl, • ..i 

...g a.a. I have to s..v in addirion to .he « ‘ i« Zt 
to. e toengh, h„. I ».„,d ,ite to re»rd n.y hear., eo.r.,':.:: 
slm Ivl Spi-agne s dictum respeciiig overhead lines. I. is 
’“oj engineering que.stions, a linancial rather than 
a technical one. One may always have a good durable sio-bil 

overhead line by paying sufficient inonev'for ift ;: C 
ent constructed they do develop obstacles of various kinds ^nd 
eeitamly are not as svmmetrical as thev might be and do lael 
tile perteerion .ha. migh. he given by toe «pe.id'i.„t 

giound conduit at perhaps no greater expense, (certainlv no 
greater when one cou-siders the low cost of inaLitenance of ! 

would entaT^Vhe ffiffi ■ overhead system 

. ' dliilciilties which Mr. Leonard refers to I t^i'nh 

t «™>7Wy of eaperienee oV:;;* 

} ollow, as Mr. Sprague has pointed out very clearly. 

Me. Speague:-! think we will know much more about it 

I “i-rsMa™ Th““'°”f ™‘or .vhici, ,e shall 

uo veiy soon. We have eleamn^ ears and wp . i 

power behind them and can run much faster than whh hmses 
be^ise we have the power behind us rather than ahead of us 

the “ speaking of the liability of 

the wire to wear on account of the current, mentioned the feet 

that It could not possibly wear because it was only in contact at 

thS ^ considerable wear due to the .constant sparking 

that would occur when the roller hops a little hit off the wire. ^ 
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Mb. SpimiUK ^ rcforriMi. If is nof 

the Bailie as a sliding eonfacton flie wire. Your u iuM-l is luriiiu^ 
all the while and tliere is no dinYrtuuM* of poltuitird botWiMUi the 
part YOU leave and the |):irt yon are ^oiiiif on. You liax e a eYoil 
contact where the trolley is held up hy a ^<H»d spring: you ina.y 

inspei't tliat wire by a nn(‘r(>s{*ope and di*lt‘<*( V(‘ry lilllo shins' of 

wear at all. There would 1h‘ a, very sli;i.rht fiartioiml winr, and it 

is probable there is a (Hulain piu*(*ontap‘<d’ slip of fhest* holley 

wheels on the wire. I have, aftnr cdiiht nionlhs wear <mi fho very 
lieaviest portion of the line, very (airefully inspiM-oY iho wire, 
which was clieinii'ally ehamed, and 1 was airrooably >ur|uas(Mi f<> 

see the small evidiauai of dopt'n^aalion. If thoro is nt) r^parkin^ 

tlien the wear is entirely <lue to iriotiou. Tho iaol i> iho vvoar is 
reinarkably li^ht. 

dhi n (hi AiBM AN! We should lx* vt*ry ifkal fo hoar from ."Shui* 
member of the So('i(‘ly whiih has Imhui our h<*0 lioro . <> lou^j; and 
allowed ns to use its rooms. 1 bolievo Mv, hmory is proseni and 
min,’ht like to say a. low woi'ds to us on fin- uhjooi. 

Ml!. (hi ARi.Bs K. Kmkkw: 4o‘n{iomo?i fli!*-* 1- a ooinph'lo ;.aiiv 

|)rise. 1 <aune heri,^ lo hsai'U, not having' kopf rn \ -olt inlonuod ol 
the advances ma.d(‘ in tin* propulsi»tn iO sfrtssf i*ar> by oloouioty, 
I liava; been very mindi odiliod ainl (ame:i*atiilalo fho contlena*!! 
present, not onlv on flu' irrand advanr*os whieh ha\o bom made in 
electrical scaema*, bill on tlu' prowlh and pr«aia’o ■ ol lid . . ooit^ly 
where you (am inleiadiaiej^'o vii'ws on lln* varioii branoln* ol llu^ 
Hubje(*t so inlma/slinp to yourselves ami to u all, and ! Iru; ! fhat 
the soiaety will icrow to lx* ono o{ fhe ; fro{eo‘: f and bo f in tin* 
country. Thankiiip* you for rmneudH riu*:' tiro Aimuaomi ooiidy 
of (hvil Kni»'im*ers and with personal Ihaido b»r your kindly lae 
(ieption, I will ask to In* (‘xcaio'd. i Applaua* ). 

TnnthiAii^MAN : dlavo any oilier j^onilomon rotnark ^ to makt*^ 
Mb, ScBAimn: i woid<l like to mako ono romark in ro;*ard to 
lifi;btnin 4 '. We had tin* liin* strm*k by byhfnine, .o\oral finn'S, 
and wo liave ha.d motors on ilnMatrs biirnl oitl, but 1 Indlovo I may 
safely say now that we havt* pot liphtniim,' lo’otiy uol! harno:va‘d. 
I Iielieve now there is no ditlictdty what.aMcor in ab.ointoiy and 
pcndYcdl}' guarding a car or a cmitral .nation, .o that liphttuiip 
siiiiply (ianinat pet to the machine. Wt* had throo darkio,, ./ittinp 
on the back daslcboard of a (air; oin* of thorn \\a*. .dtiinp on tin* 
switcli. The liphtiiinp (*amc in, and proundod throupb tbo switeh. 
Tliose three darkieH jumped oil* tlie (airs at a li\tdy pacm but 
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tlicic was no (la,n_i>et. Wc have luul the lifi'litniiig come hi and 
gTOiiiul tlirough the switeli at the time the limter men were nm- 
mng tlio car. d’liey pa,id imt tlie sligiitest attention to it Tliey 

simi.ly lieanl tlie click,--.tinrt was tlie end of it. It will now Ik- 

pertectly gna,rdc-d aga,in,st. It cannot get into our machim-s, and 
It cannot get into onr stations; at lea,st if it does it is only one 
time in 10,(»()0, and then it goes to the earth harmlessly 


<'l''“nna,n of the flommittee on Papers 
and Meetings has an announcement to ma.ke regarding the next 

Mia M.urriN: The next meeting will he held on Novem- 

Iier IMth. The .siihjeets a.re as follows: Piof. W. Ik (lever of 
the Stevens Institute' will read a paper on “'l'h<' (lever-Ilristol 
Meter lor DireetamI A Iternating ('nrrenls." We have with ns 
llus (n'enmg a p.ntleman. M. Ahdanl<-Al.akauowi<-x., whose 
aeipiamtance I think you will all he glad to make, lie is one 
the leading (‘h'etricians and malhematieians .,1 Kranee; he 
IS also^ well known as one of lh.' leading eemtrihutors to 
the jirmeipa,! eh-i-tricaJ paper in France -/.a L,n,r„,v 

1 am very glad to amioimee (hat on the sam<' evening 
that gentlemaai will favor ns with ( wo papers, iioth of which will 
he accompanied hy experiment ami demonstrations; one will he 
on the ('arpentier electrical method of r,'cording and reprodneim^ 
iniisic; the other will he on the Ahdank magnetic call. 

Mi;. MAiu.orx: I think it might not he out of order to 

snggi'st that Mr. Ahdank give ns some views on tlie suhieet we 

liro now. 

Tuk ('h,\ii;man: I am sure we simnld he most plea.sed to hear 
Mr. AlMijuik. 

-Mk. M.xktin: I would like to say on the gentleman's part (hat 
hespi'aksour language extremely well, hut that he hasa (remmid- 
ons am.mnt of modesty. Therefore 1 think he w ill appreeiate it 

It we let him oil this tinu', ami tu.x him the more heavily at tlu' 

iioxt ino\ * 

Adjourned. 
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Long Runs of Engines and Dynamos. Elec. World, Oct. 22. 
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Electric Power Service. T. C. Martin. Rail, and Eni^-. /our., Oct. 

The Thomson-Houston Electric Street Railway Motor at Woon¬ 
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Insurance Electric Light Rules in England. ( I'ha-ni.x.) .V. V j;/,,; 
Rev,^ Jan. 14, p. 2. 

An Electric Megascope. (III.) La Natu,',; JLLr. II WM, Jan. 21, p. 29. 

Safety Puses for Electric Light Circuits. A. C. Cockburn. Soc. Td. 
Kngrs. & Elecns. A 4 r. jrar/d, Jan. 14, p. 15 ; Lou,/. LLlecu., fan. 27 d -’oS- 
Md, Lt, I/ty Jan. 19, p. 50. 

Electric Lighting in Ohio. .V. K. Rkc. Re:>., Jan. 14, p. 

Numerous replies to circular of city council of Mt. Vernon, (). 

Electric Light in the Kansas Penitentiary. (Statistics.) A’' )' / ^ 
Rev.y Jan. 21, p. 9. 

List of Westinghouse Central Stations -Alternate System. A', r 

Eke. En^K, Jan., p. 38. 

72 plants ; about 125,000 lig^hts. 

Opening of the Haymarket Theatre. (U. .s. pl.-mt ) j, 

7 , P- I ; rV. 1 '. Li/oo. AVv.. Jan. 2X, p. y,,. .. 

Lighting Chicago by Electricity. (E.stimatc by l>.„f. Rarrcit.) 

Elecn,^ 7 > P- 7 - 

The Heisler System at Vincennes, Ind. (in.) Jl'rs/. E/.',i!. fan ii 
p. I 5 .-R.KemplHicalion of “direct ” long distance incan.lescJnt ligliti’ng. ’ " 
Edison Lights in America. (Ed.) L.ou, /./■:/,;■. [an. 20, p. 53. 

Review of the Edison annual rcpoi t. 

Lighting a New York Ball Boom by Accumulators. ((’<,rr ) P' A 
I.eslie. LUec. ll'or/,/, Jan. 28, p. 41 ; Ai I'. L:/,;-. AVu., Jan. 2.8, p. r. 


The Chicago Post Office Electric Light Plant, (in i 
J.an. 21, p. 25. 

Some English Central Lighting Stations. Hiadford 
• Li/,;u., Jan. 6, p. 204. Sheffield. (Ill.) Jan. 13, p. 233. 

The Electric Light and Power Industries, 1887 . 

Ekcn., Jan. 6, p. 210. 

Electric Lighting Experiences in India. E. A. Davies /,,«,/ /,■/. 

Jan. 6, p. 2:16. ’ ‘ ^ 

A Year’s Electric Lighting in Sheffield. /.y,,-. y,,,,. 


// V.vA A’/fvv/., 

(ni.) /.,w. 

(l*al,) Loud, 


A. K. C'amj)lK.*ll-Swinit(>n. 


Electric Light Leads at Lord Armstrong’s. 

Land, Elec. AVz/,, Jan, 13, p, 28. 

The Electric Light at Leamington. (ICd.) ^ 

p. yy, • • • ' .7, 

Electric Lighting at Bournemouth, juee. Lkv,, }an. 27 p 90 

Lighting in thj Metro¬ 
polis. W. Eant Carpenter. Middlesex Nat. Hist. &Sci.. Soc. r.o>u/ L'L.ru 

Jan. 13, p. 2 .|jS. * eacen., 

Electric Llghtipg in the City. L.on.l. Liloc. A'ov., fan. 13. p. 35. 
Electric Light in Stockholm, /.w. Li/ocn., Jan. 20, p. 26,. ' 




|'Mai-i;h, iSSS.) 


KI.ICCTRIi-AI, l.ITERATUR!'.. v’ 

The Central Electric Ligliting Station at Lubeck. 

Jan. (», j>. 223 ; hjn\ h ny^r,^ |.'in. ip, ^ 2 . 

Electric Lighting in Berlin. (Uiu.-rdcn l.indrn.) /cJi;:!.; X. J'. I'Jec. 

. Jan. 2 I , p. t). 

Portable Electrie. Eight Plant. (Ill,) JudusL, jan. 20, p. C7 

A vci-y (<)ni{)at t plant, (k-vistal hy Sit-nicns A llalskc far taa North n'cctcrn 
K.ailway <>1 Austria. 

The Electric lighting of Theatrea. Sous. ttor. fc Med. ct oc Chir 

(Ic h.iialuaUK. /a;/,/, AA., AA ;/., Jan. 13, 39; Jan. 2:.), p. C(). 

Eleth/ric Liglrting ill Tiieatrey. JouJ. AArv., }.;:i 0 o 

NaYigation by the Electric Inght. !h Walhcr. /a/.'A /Av 

A\ r., Jan. 13, j». fn, 

Navigating llie Suht; Caiut.l i).y tlio Electric Light, (r;,) - 

Jan. 7. p, fi, 

Bloclric Ligliting of tl.e S. 8. “Victoria.” and “ Britannir.' 
(III.I S,'I. hi:, .'niff., j;iii. i,], .S;'. /w.. l.m -.m, p, .|i. 

Electric .Lightinfj of* Tni-iiiH. /<va/. A/,,// . [an 27, p. -o-*. 

Itcp.nt nil llrlpi.in Mate linr- tn Milan i iitci n.mnn.i! haiiinad <'mir-jvs 

Lighting of liailreati StaiionB. (-A., {.m. f., p. i 2 ; A A;/ 

J.in. i.p js 21. 

Ahsttoirl ni lupni! Inr hnotpe tn Inf. l>:.iilrn,i,i ( 'niip,. at .Mil.in. Italy. 1SS7. 

Station Lighting nn th(i Beaton ainl Albany liailnnnh c. W, 
r*lnti.M'tt, Ini, Ih.l, Mil.m. A*’,/. eA:,.- A'.Af . f.m 7^ p ■ 

/,!>/{,/. A'yyL., J.iji. 13, p, 2H, 

Lighting C?um by Ehn-tricity. « ir^tria M^mtinsky.) ( A;,A/.. 

Avr/A',' ) . /’./it. A'*."., Jan, 7, p. 3, 

InipriAVtunontB fVtr Paper Mill Lighting. .\7 r. AAr. AVr,. hni. si, p. t. 
Tlie Electric LIgiiting Aart. tloi.) / A.-, /y,;e, hm 13,1*. 37. 

ihiblic Irlghting liy MiinicipitiUiea. L. II, Ulhppir, A'. L, AA-.'. A'rv., 
Jan. 2’A p, 3, 

.A vainatilr stiimnaiv **I pne'. |.iai'l In, pnhhi" liy,hfin;,p 

Metitn'n Utie:; of Electrh* I/;giiti,i. A’, K. A'.A'. At-.',. f.in, 2,3, p. i;. 

New Eorinn <ff Eieciric Light Fixiumu. (HI / lAlo-. Sup|),!y Pn. 
//Vo'. / ,'d f .\, J.m. 23 , |i, 37, 

Incanheaeent (ian IMghi Bynteintp till.) //VP. A'Ashm. in. |). 32. 

W r|-.i.a<’li, h.Hisa’hirlni, Lnuptrii, lanvr, cit:. 

Fuel (litH n.ud Incanch^MCi'int Gftn Li|fli.ting, <*, M. Lun;gcn A/. //A 
A’ /h,, Jan, 2. j», I { ; {.m, le, p, i.s, 

.\ v.ilu.ihlr AiE-.t ti‘.b;nn, With liyAtir-., Mf ivl.ttivr mrrits <»f' lighUiij', systems, 
inultuiiii;.; {'let tiiis 

i..nu,len Fog jmcI the Cla 3 Coinpanlwj. flvkl JAA /.A A-' //A, fan. 3. |». 8 
Th(^ Tlieatrirnil Moloch. ciLs in Thr:itrvs..> (lAl.i /oas/ 7AVs. 
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A Hew Explosion of Gas. (Lungren incandescent gas system.) TV", y 
Elec. Eev. Jan. 14, p. 8. 

ExtraTagant Claims for a Hew Illuminant. (“ Lucigen.’’) JV y 
Elec. Eev., Jan. 7, p. i. 

The Beirelopment of the Mercurial Air Pump, (m.) s. P. Thomp- 
. son. Sci. Am. Supp., Jan. 21, p. 10,042 ; Jan. 28, p. 10,064. 

A complete and exhaustive historical sketch. 

Economical Illumination from Waste Oil. (III.) j. b. Hannay. .SW 
Am. Supp.^ Jan. 14, p. 10,026. 

The Application of Electricity to lighting and Working, w. H. 

I reece, Soc. Arts. Land, Elec. Engr.^ [an. 27, p. 88. 


dynamos, systems of distribution, &c. 

Kennedy’s Two-Armature Dynamo. (III.) Lomt FMc. Bngr., Jan. 20. 

Paris & Scott’s Kew C-Type Dynamo. (Ill.) /.w. Kkc. Engr. Ian 

A New Dynamo by Paris & Scott. (Ed.) M,i. I.t. Jan. 19, p. 49. 

Fein’s Dynamo. (Ill.) Indust.; West. Ekcn., Jan. 14, p. 13. 

Siemens & Halske’s Improved Pacinotti Dynamo. (111.) land Elec 
Rev., Jan. 20, p. 57. ^ 

Exciting; electromagnets are revolved within the ring annature. 

Siemens’ New Ring Dynamo. (Ill.) Ei„. Wo,!d, Jan. 14, p. iq. 

The^Lahmeyer Dynamo. (Ill.) Elec. World; Land. Elec. Engr., Jan. 27, 
Location of Dynamos. (Ed.) A'. K A 7 ,r./.Vr-. Jan. 21, p. 4. 

-fAu. ocL IV, } , E//gr.^ fan,, p. 17 

of idrtypes^ madiinesand indlcate.s how the consideration 

or specmc types of machines can be devel(>|)ed tiierefrom. 

W»t,r-.o«k,d Dj.a,mo. dried bj. Sleem. 

"i™ CLd- 
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IX 


The Diseases of Dynamos. W. u. UV/,/. Jan. 14, p. 15; Und. 

Elecn.^ Jan. 27, p 282. ’ 

The Diseases of Dynamos. .S. 1 >. Thomp.son. Finsbury fech. Col. 01,1 
Studonts Assn. Sti. .-Im, Jaii. 7, p. ro,o2o ; A'. K. E/ec. Eif'r 

Jan., !>. 20. * ' " 

A suKgeslivc inquiry as to the causes leadinj; to the breakdowns of dynamos, 

and their preventicin. 

Conductors for Houses, t:. L. Addenbrook,-. /.o,,,/. Fh-c AV- ran 

p. 61. ■ 

Rankin Kennedy's New Dynamo. (III.) /.,w. RFc„., Jan, (>, p. 217; 
A. }. A/iv. hi'!’., Jan. 21, p. i ; J.oiiil. F.hx, Jan. 14, p. 3,7; West. 

Elexn,, Jan. 21. p, 25. 

Kennedy’s Dynamo. (Uorr.) K. Kennedy, r.o„J. AVer, AVf.. Jiin. 27, p. 104. 
Physic and Dynamos. (Kd.) M,f. /,/. ///,, lan. 5, p, 

As to fall.-icy of adniinisteriiiK medicine by means of electrolytic endosmosis. 

Eddy Currents in Armature Wires. (Ill. Coir.) J. l>. !•'. Andrews 

Imhixf*, Jan. 13, |). 3«). 

High Speed Trunk Engine and Victoria Dynamo. (111.) (Raworth.) 
lom/. /■;/,•(•. AVf.; A'/cr. Jan. 28, jt. 41 ; West. F/ecn., Jan. 21, p. 25. 

Continuous Current Transformtjrs. (I'aris-Seott.) till.) Flee. 

Jan. 6, [I. .j ; F./ee. Fit:;,’., Jan. 6. p. q. 

Continuous Current Transformers. (Ill. ) AVcA. Zeits./ue Hlek.; 

Loud, AVfV.', Jan, 13, p. 30. 

Jclil tS* KiJ{>p J»iid (nhrr’H. 

Electric Wn/vo aaul l^haae Indicator for Alternating and TJndu- 
latorj CarrnnlH. (IIL) I-lilm T\unmim. AAv. /ra/a/. Jan. 28, p. 3^, 
d'hc aurrrnts ih’llcct a <haphraf»ni i'onntniril witli a mirror, which ndha ts a 
tuxun of Iij;hl. 

The Keln.tlv<^ Eo.onoiny of ilm Alternating and the Direct Cur« 
r(mt Dynamo. /,aW, AVrr. , fao, 13, [.k *|i, 

Electrical Diatriimtion 'by TranHforniera* /,mtd. Ekr, Efsgr,, |im, 6., 

p. 6. 

Cnrrent Dintribniion of the Hear Future, L, liimrarn Eke, 

Jan. 21, p. 20. 

Phenomena of lietardation In the Induction Coll. (Ili;) Wm. 

Stanley, Jr,, Atn. Inst. Kkr., Engm. .V. K ];m,, p, ih 2 B; 

Lmd, Eia\ Err,, Jan. 13, p. 28. 


Mr, Stank^y on t'ho Phenomena of Batardatlon in the Induction 

Coil. (('orr.) A, T, Snell. Emd, EktH,^ J,itn 20, p. 273. 

A criticism of Mr. Stanley^ Institute pa|'H*f. See Tmns. Jam, iBM, 

Hotes on Alternate CurreiU«. IIIl.) J. A. Firming. Umd EEm,, Jan. 
hit I"h 235, (eont'cll; Jam 27^ p. 2B5, 

Siemens and Ilaltilie^a System of Coupling Alternate Current 
Dynamo-Bleotrlc Maehinei. {Ill, Imd. AVo. AV?%, Jan. 27, p. 81. 







INDEX OF CURRENT 



X 


[March, r888.] 


The Westinghoi2::o Aiterns-ting Sjstem. (Corr.) “An Observer/’ 
A^. V. Elec. E 72 p\^ Jiin., p. 27. 

States that in tac Oyo anJ 1300 light machines, there are 16,500 alternations; 
33,000 reversals, per mimUe ; ten field magnets at speed of 1650 revs, per 
minute. 

Electrical Distribution. (W. Stanley, Jr.) Boston Soc. Arts. A^. V. Elec. 
Eev.y Jaa 7. p 5 ; Loiui. Elccti., Jan. 27, p. 286. 

Recent Improirenients in Systems of Electrical Distribution. 
(III.) V/m. Stanley, Jr., Boston Soc. Arts. W. Z/. <&=//r., Jan. 5, p. g. 


v.y I IV i V.. X KJ VV 11, IV, lYC. 


F. Brain, Soiitli \Vale.s Soc. Kngrs. 


Electric Pumpin j i i Collieries. 

A . ) . Elec, //vfr , Jan.. [) 13. 

liimpj driven by i.I'.v'ClI-i’a'ker motor, Trafalgar mine. A showing in favor 
electricity over a!l otne,- Rir*/tod.s, for distances above 1000 yards. 

The Electric Motor in Building Opei-ations. (Hi.) E/e. IForld 
Jan. 7 . p. 5. 

Use of Sprague motor at Topeka, Kan. 

The Patten Electric Motor. (Ill ) Elec. Worhi, Jan 7, i>. 7. 

Combination of Daft Motor and Worthington Bucket Pump. 
(Ill.) Elec, Worlds Jan. 14, p. 14. 

The Electric Motor in Printing Establishments. {III.) Elec IVorld 
Jan. 14, p. 15. 

Use of Sprague motor in New York. 

The C. & C. Electric Motor and Silsby Electric Rotary Pumn 
(III,) (Corr.) C. A. Allen. Al F. like. j.-m. i.p p. 

The “C. & C.*’ Electric Motors. (HI.) J>rac. Eke., ):m.. ]). 131. 

Brush Electric Motors. (Ill.) like. World, J.m. 28, p. 41. 

Gearing for street cars ; motor pivoted on axle. 

Voiys Electric Dog Cart for Ordinary Roads. (III.) 

Jan. 6, p. 216; Elec. World, J:m. 28, p. 41 ; ,1/,/. /,/, lit., |a„. 26, p”, Og." 

The Adams Elerated Railway, (in.) We.d. like,,., y.xn, t ,, I 
A single rail railroad, to be operated electrically. 

The Van Depoele Electric Railway at St. Catharine’s, Out. (Ill ) 

Elec. World, Jan. 7, p. 3. ^ ’ 

Electric Traction Calculations. A. T. Snell. J.oml. like,,., Jun. 5, p. 2<k,- 

Elec World, Jan. 28, p. 38. t ^ 

Electric Tramcar for Australia. (Elwell-I-arker.) l.o„d. Eke Ikv 
Jan. 6, p. 15. 

A Talk on Tramways. Holroyd Smith, N. Y. Klee. Soe. v 

Jan., p. 22. ■ ■ . 

and valuable discussion, as to .safety, efficiency and eco- 
nomy of electric service. ^ 
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The Lineff* Jones Electrical Tramway. L,>mt Kl-a,. fan 27 n -a? 

( 111 .) LonJ. lil.Y. /Xv., Jan. 27, p. omluit system.’ ' 

Street Ballroad Traction in Now York. -A', i'.AV/.v. fan p -y' 

Electric Motors and Btiilways. J, Wetzk.,-, N. A', j 

Jtiii'. !>• ")• 

A New Design for Ovesrhoad Transmission. (III.) M'fst. FJ,'(n 
J:in. 2.S, 1), 31). — Van I kpiiele system. 

The Wrong Way and the Bight Way. {I-,,|.) ,V'. AY, r. 

J.ui., p. I. "t (iiiunciit nn hail piacticc in rlcctric I'ailrii.aiiin^. 

The Bidwell Eloiratod Kloctric H.aUwii.y. (ill.) .sv. k'v. fan., p. to. 
The Daft Elec,trie Rn.ilway System. (III.) .sv. /,y. fan. p, 5. 
Electric Trii,mwti,ys in America, t lalilc.) .\’. r. /•.Y. . 

A 7 tv. , jati, <i, j». 15, 

A Challenge for Sectitldary Btittery Cars. (C,,,,.) W. Whartim, Ir,, 
AVh. J.m 7, p. 1 f. I >. M.iilliiU'i, J.iii ri.p. 2S. 

Irish’s Electric, Trn.mwa.y System, (iil.i / ;•«,, |,m. u, p im: 

St. h'w J.in , p ;ji , _ A.a;'., ,|aii. ttn, p. :,i, 

I •(■‘..■hlif , .< ■ e.triii lli.it im-lmk . opm ..iily as tlic 

liitsscs. 

Bloctric StroBt Cum. ,* .sv, A'l'. |.tn , |>, k,. 

The BetiHbrook ih .Nfnvry Tmmway, I Iivst'n. 

Civ. Ibi-tr*.. /ISfi/t/, jaji. i.j., j>, tu : ,\\ ]\ ,/.;A,y j.ui., p. 

/l/iVV*S, j.ui., p. Sf, /i')', (A/ ,, |,u»., p. ir^. 

Ktiail llnr,- niilf. h,}i|t ; surluiv ;iib| oveilir.ul njrjVluvPns; lMlist»is»Hopkiit^ 
Soil Iliuvhillt". j r5 ii'.il i'lliii'iriit'y ol lofitl, piT (Tltl. 

The Ce.legne Kiei'trle Tra-iuway. (iirrhrau^l i /m/mt.,; A?. A’r. 

jan , p. i.!. 

The TlKMiry uf i.li,e Kleetrle Meter. j/*/. faii ej, 

p. 5* : jati. p. 71. 

TnuiHiuiiiiUen ef p.t.>w<vr by KlfreiritsUy. (111.) II, S. C;t,rharl, Isiip., 

S<i(% I iiiv. Mills. /-Ah, jail. |s, 

A (hintrihut(*rhi ¥hvw« ef Cnuninr - Fciree. 

^ I , ,1/i/ /,/, t ■' ///,^ jail, p. 7 ^, 

Liike iNeu<'hfi.t.ol lui n t.^f Walcrr Ftnvcvr for Ffi,rlB. flAI ) 

A/a\ iJ. I,,;’’’ //a, j.oi p, 7e, 

H/kuHrieal TrauHiulH*iieii nf Fewer, e ’nrr ) A, I.. Sieaveneffi, 
jan. 1.10, p. V i, 

CoiiHtant Hpee.I Moteni* ijll.i j. Swinlnnan*. /tmJ. />jW. /Vw.;o., fan. 

I'i. ipp 

Electricn.l 'rraiueuif-mieu Fewer. S. lA Watkrr, k,. VVaei, 

/■A';., jan. {.. p, It, 

The Eleetrlriil DlelrUnitieit t>f IC I51akt,% l‘oste'n Islsa:. ("luh, 

Aft/ //, i ‘ //p^ j.iis, 

,\ disiussion, Si\nli ■..i lesee-*, thn nionat' »|n?‘siih»in 
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Me^uring the Torque of Motors while Stationary, (m ) r o 

Dobbie. Elec. Worlds Jan. 21, p. 30. 

Electrical Transmission of Energy. (Corr.) “Esq.” Jan 

^ 3 > p« 38. 

A sharp criticism of the tendency in England to reduce the weight of 
machines, which involves a loss in efficiency. 

Electricity in Mines. (Note.) (A. L. Steavenson.) AV. 

Jan. 6, p. 17. 

Metrical Transmission of Energy. (lu.) J.a„. 6. p. r8 • 

>n.^S P- “I" ’■ 

SwEaerla”?”" NN«gstetten to .Solothurn, 

OVansmission of Power. (Kriegstetten-Solothurn.) (Corr.) W H IVeece 
/wifer/., ;an. 27, p. 91. ^ ‘ vv. ti. 1 recce. 


INSTRUMENTS, MEASUREMENTS, &c. 

son, Jan. 20, p. 76. i horn- 

Raworth’s Linesman’s Galvanometer, (in.) 

AVcwr., jtn.'6,p°2ro^''^ -Ammeters and Voltmeters, (in.) Loud. 

Another Electro-Meter. (Zacharias) T,,dust ■ MTd It 'V^ //, r 
p. 75 ; Y. AVer. AVr.., Jan. 2r, p. 8. " 

A New Therm-Ammeter. (A. K. Eaton.) A7. y mec AVt- r-., . 

Hughes’Induction Balance. T. Cool- 9--./ o .i. 

New uses suggested. ' ' -■ m. Eupp,, Jan. 21, p. 10,049. 

The Wood Ammeter and Voltmeter, (in ) AVr w // / 

Avi. Supp., Jan. 14, p. ,0,030. ’ ^ 

Repulsion principle is employed. 

How to Make a GalYanometer, am C c rr f t* 

Jan. 14, p. 10,031. ^ ‘ ‘ hlutchms. Sci. Am. Supp,^ 










(March, i 8 vS 8 .| 


KI.KC'rRICAL IJTEKATURK. 


xiii 


Portable Voltmeters for Measuring Alternating Potential Dif¬ 
ferences. (III., W. J. P,„y, .soc. Te,.E„grs.&Klecns. 

Jan. .,,6. .-t sec,.; /„«,/. A/.., Jan. 13. P- 43 I X-n/. 

A4r. A„„vr., Jan. n, p. sec,.; /.y,.,-. WoM, Jan. aS. p. 42, et soq. 

On sonie Instrumonts for the Measurement of Klectromotive 
borce and Dloctrical Power. J. a, I'leininKr and C. il. Gimin-hara. 
Son. Ud l.nK-rs. cV ..Ica-ns. /.,W. AV.,-. /A;-,. Jan. no, p. yr ; Jan. 27, ,n ,,S; 

LoniL Aa*.*,’/’., Jan. 27, ^ ^ 



On the ProcUxetion of Very Groat and Accurately Known Re- 
sistanccis, and on a.n Arrangomont of Rheostat Resistances. 

Koillrauacii. /'tW. AM. AV.'., |an. 27, p. S2. 

Measar(.mi<.nt of Alternating Currents. (Ccrr.) I-. Cardcw. 

,A 7 x<‘. /v’a.'., Jan. 20, ji. 75. 


On the Iiidiiction Krror in the Measurement of Alternating 
Electixunotiv'e Forces 1)/ Sir W. Tlunnson^s Vertical Scale 
Voltmeter,- (Hi.) 'r. Cray. Aa^A AAr. .AV.a, Jan. 2 u. p. 58 . 

The TJnillcs/tion of NotrictionB, Ai)l)reYiatlon8 and SymlxUs. I’ 
IU»S|)i!aIier. A’AavOaAv/; Aa/aA AM. AV%-., Jaii. i;,, p. 

Practical Kiectrical MeaHtiroment. J. Swinlmnu*. /vm/. A/a. /A, • 

llw. Ill ; ll'r.if. AiVi Jan. I.|, |i. 20 . 

fhe I'ormuhn oi DimonHions In Kioctricity. ildpnuinn.) 

Kemiux; /■./r, k, .■ A'4v« , Jan. 7 , p. 10 . ' ’ 

Electric Photomotry. J. .Swinl.unu-, /■.Vh-. /IV.V J-ka> l-.n 

7, p. H. .. 


Report <it th(( HrU.lsh AsBOclation Coinmittoo on Eloctrieai 
StamlardH. A', r. //,v. AVv., Jan. 7, p. 

Practical Eloctrlcn.! TJnltH. W. I:. Ksson. A?,-.. fan. i ,, 

p. 31 : Jan. 21 ., , 1 . CO; Jan. 27 . j>. 71 , 

Eloctrh-al Meiumromonts EtiptH-ially as AppUtnl to Conimercial 
Worlt. W. A. Anlhtiiiy. /.i.yj; l-ksii. rust.. J.in., •;(); A’. /•.'/,v. A','. ., 

.|.tn. 21, ,1. I ; / Ilf;.:, t .... /'/sy.. [.in. 27, j), (, 2 . 


MlSCMl.I.AMCUl'.S. 

Inaugural Addrtws of Mr. B. Gritvos; Sw. Ta En^;rs. & I'Uecns. 

a;/,-, . Av.-.. Jan, ri. p. A,w<A /;Ac«., Jan. 1 % p. 2 .|(:i; lUcc. 

J.in. I I, |i .( ( ; J.tn. 13, ,1. 411, 

T 1»0 InduHtrIn.1 Importanc** of Electric ity. (Ed.) Jndmt., Jan. 20, p. A}. 
I Asiu.'.’.iun 111 I hr (liavc-i inaihjural .•HldrCMS. 

Th<» World’s Electric. Industry. (ICd.) tvmt Eltat., Jan. 27, p, 21,2. 

Coninicni ..11 Ml, i;r.tvf*A (upiii's. 
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An Electro-Magnet, Made of Two Cannons, (ill ) sv/ ■!,>, i-,,, ,. 

p. 15 ; /■:/,;■. UWM, jaa. p. ., 7 . ^ 
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ing Frt>cr'sne;a ild » J/./, /./, d-- ///,, Jan, 3, 7, 

Eiectrii’: Widdinip (■f'l 5 Mnc..Mn prMM’ss, j lili.i .S 7 . ,/w,; /'Aa. AV";’v, 
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The Cox Gelatine Battery. E/cc. War/d, Jan. 7, p. 8. 
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Jan., p. 16; Lond. E/ccn., Jan, 13, p 241, 

Description of various solutions of iron electrolyzed l)y the writer, anti o 
their character of deposit. 

NTickel Plating. Sci. Am., Jan, 7, p. 10. 

New process reported .at Mons, Belgium, by J. Arcne. Composition of bath 
.Sulphate of nickel, looo kilo ; neutral tartrate of ammonia, 0.735 kilo; tannf 
acid, 0.003 kilo ; water, 20 litres. 

Nickel Plating. (Note.) ^ul. Int. de VKk,-.; Lond. Klccn.,y.m. 6, p. 203. 

Zinc-Copper and Tin-Copper Alloys. A. 1 >. I.auric, .SVf. Am Supp. 
Jan. 21, p. 10,054. 

Investigation of the action of alloys in Daniell l:)attery. 

-Apparatus for the Electrolysis of Water. (HL) T. O'C. Sloane 
Sci. Am., Jan. 14, p. 23. 
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Fer,, Jan. 13, p. 50. 

Effect of Sp. Gr. on E. M. K. of Secondary Cells. (C.nr. ) 11. W. 
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Submarine Gullies. Lotid, Elec, Rev,, Feb. 24, p. 209. 
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Fel). 25, \i. 1. 

Telephone Tests in St. Liouis. Eke. Il'or/d, lu-l). it, {>. 68. 

'Bests witli Law system. No fewaa* than 53 eonnectioris were made in five 
minutes. 

An Important Decision a.s to Telephone Rates at Rochester, 
N. y. Eke. liW/d, bVl). .p p. 55. 

'riu* judp(‘held that, in spilt* td the roaieral '‘strike* or ecssat4on of ex- 
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Possibility of Ignition from Incandescent Lamp Filaments, (hid ) 
Pd. Y. Elec. Rev. Feb. 18, p. 4. 

Incandescent Lamp Fittings. (III.) (Xylonite.) iV. Y. Eke. Rev., I’eb. 
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10, p. 135. 

The Bernstein System of Incandescent Electric Lighting. (Ill.) 
Indtist.; Eke. World, Feb. ii, p. 65. 
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Miners’ Lamps. Cardiff Times; Lond. Eke. En,pr., Fel>. 3, p. 100. 
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[April, iRSB-I 


M1 , 1'U: T K U ■ A1 , 1 . n'E RAT U K M. 


V 


Series Glow I^anipa. \V. Siemens. ICIck. Vercin, 1 {crlin. Elec. World, 
Feb. 25, p. 92. 
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p. 9 ‘>- 
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Per., leb. to , p, 

Insulation of ('ontiuclors fur Tniernal Work. C. 1... AtldeniiriHiL*, 
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^ Tribute. (III.) Md. Lt. m., Feb. 23 p tOr 
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< Liikc, « h.ipunm, P.ti'.uji-, t‘n, -5 ij| 

Taunton. (Jul j /\Vr. /yp-h., Kri.., 17, p. 1^,7 
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/■'/a / w / , { rl u ;'.p |T 1 «. 

The Deamington Electric igghiing. T u. <p.,. 
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'■ ^ p i.l. AW. 1 , 1 ,. 

ItUI., I < t (!},- \! , | .iMIi, *»r4li-VA, 

Bloctrh* I 4 |fhfln|f uf ttio 'I’owii of ihnn* Hii.i 

I'Vh. E p it. , ■ ’ ' '* 
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A Sltnpio Mothtui of troating Prohioinu connoctod with Hevt- 
workH (>I <aindutArorti. llii.l \V. F, Stimpner, /<.W. AVer. A>/^;;r.. I*'ef», 

2 .b p. 

Consta,nt Protitniro In Idhndrlc Town Malna. I. ItmJ, E/tr, Em;'n, 
I’eb. bp. n. lob. I»t, jt. I 2 tt, in, Feb. I7»|K 

Bloctric Wftvo and. Phatto Indicsator fur Alternating and trn« 
dalatory (hirnoUm Ullo F. 'Fhemison. ImU AVVra.. Feb. Ki, p. 350. 
AtW</. Am’.. AV.’., F'rb. 'b p. H'otr. tp. 127. 

On BioctrtKsDynainoinoiorti for Moainrlng the Mean Intensitlen 
of Alternating Chtrrenia. D Maneyvrier ami F. Fedebi'ier. ( ew/A .V 

/mV*, AV.'s, ItIk 17, p. Ifap 

Phenomena of lietarda,tlon in the Induction OolL IHse'n of pajHM’ 
by W. Stanley, Ir., Ant. Inst. Klee, Kraps, /awi/. Eke. AV*'.* Fel>. 24, 

p. 20f;». 
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Riduction. and on the Dissipation of Energy in Transformers 
Expenmental and Theoretical Researches, (in.) g I-Cri!’ 
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Notes on Alternate Currents. (HI.) j. a. l.'loniino-. 

.FP. 3 > 4 . (Cont’d.) Feb. 24. p. 404. beb. 

Discussion on Transformers. ,Soc Tel iTuri.: ,,,,1 i.i , , 

4 ) p‘ 190. J. 07 id. hleai., I^eb. 24, p. 419 

n 1 ^ f'* *‘>5. /(Wi/. AAr. /Vt' Fell 17 

p. 17^^; reb. 24, p. 203. ., I Li). 17, 

On Alternate Current Transformers with u e 

tte Be.. P„p,,,U„„ to 

SOO. Tel. Engns. and Eleens. LondlUec F,,.., ve , 
w. AW, Feb. ,o,p. 338 ; /.w. :;t. 4 w 
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Feb. 24, p, 171. • •’ 
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co^ry! cXi“';orer^ 

driven by turbines. '"i rated at fourteen points ; dynamos 
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Electric Motors in a California Gold Mine. Md. fd. j/t. Veb 
it), p. J35‘ 

Electric Pumping in CnlUGrlos. i.. Brain, SoutI, Wales Soe I'n-rs 
)■. AV,-., I'.'B, IS, p, i. 

Electric TransmiaBion of Power in Mines. (C„n-.) .s. f. Walker 

,/'A/,v'., fch. 3 . P- 15 3 - 

Discussion on Electric Power. Inst. Me<'h. Knirrs, //„/«.,/., k'eb. to, 

P 13'- 

IjOSSGs in Driving Pumps by Electricity. /»,/«.,/.,■ /v„e. AV,-,-., Kel.,. 

}). !(i2, 

Result of tile Electric Transmission of Work-Kriegstetten to 
Soiothvirn. Uepnii By 11 , !■, Wel.n, AV,v. A’,;,., I'cl) 17, p. tjrt. 

Electric Triummission of Energy, (in.) i', A 7 ,r. A'/a;,-., Feb., p. 

5 H. K ri('j;sif'ttfn-S((inthuni 

Tiie Transmission of Energy Between Solotliui-u and Kriegstet- 

ten. tCnil ) 1:. 1. IP.iwji, , j-'flt. j, 

Bfflciency Tests of Electric Motors for Amateurs. (Ill.i W. F. 1), 
(Vanr. AV,.. MV..;/, Frls . 1 , p 

■ An Electric (Iarriii.gi>. ilii,, Feb, 11, 


Electric Bim.!. for l-'i-eaclj A(ln»lni,lt.y, AV,-, . A«,-.o'. 

Ft*h. !*;, p. 

•Aji .it'MitjitjlaPtr hi'i;U wsth Ki'rlt", 5n»ih»! ; wrspjil itj’ rlrrtt'ii'a! ;i{>p;u'alU h 


Converting n. Htiit 7 . Matvitine Into a /Wr. {riwt/, P)*i» 4. p. 

I'-'tjH'} ujif ii! '.liMAu af i MrurPiiv l4i»i, \-(4u,»P,, j'rvtM'sinj,j .itiiotj of :uii 

ooiitj.iiv IIm}!,* jjbd. luof-' »•■.iH'vos I }ti‘; if inO'.j Miotor, tf.B* rls.u^p,* ln'ing o|>» 
laUB’d Itoni A hja^ri iu.o tflivfO ly W.th'i fOtiStB, 

Alternaliiig CiirnnH KhnO.rie Meinra (Ill.i l„ Inmam, Am. Ina. 

^ -A' ■ ..e 1 -iO, p., m: . /b.,-. hvh , p. uu ; A’. ,r. 

'’'‘*'** a\.., (-.1- 5 p. u : S.i-fh.r, trP. v*.}, p,. .jV, 

El(u-,tri(*if,v fill a Metive l»ewer, .pe)!. Si.roai..> /b-.h-, AVAy, Foh.. p. 


Klo<‘trir Mutorn. f-t, A, l.uAui;. X.ri.. |,,t. An--o. .V. }'. /.Ae. AVr., 

Im'P, ' I. i 


I)<>8igning Kieetrie MoU»ri 4 . lA \\ .iltrr. /.md. /,Av. AV.-.. Frh, 24. p. iHR. 

Motorn for Hnnill Fowera in Chicago. b'vU, 4, i')* 50. 

Bonn) Plain Hpenliing, I'A.) l AVr. Foi. u\ p,. 142. 

I oiitf' not th.ii t!,» tour !j,r. .trrivr.tl wfjrji ;ilt U‘aMriV,.«y t'oin|:);niics stHAvin},,t 
ntiiy in ipPHl f.ufli um i Pt r.ln.4rit:ify, whrtrvpf piaotifaltk*. 

The KitaM-rh* Trainway. /AV..y F««ln p. 7s, 
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Electric Traction—^Direct Current Wni-irtv, » 
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Raworth's Lineman’s QalYanometer. (m) y /,/ 

4 . p. 9. /tVf'., Feb. 

Eaton’s We-BT Ohm-Meter. ■ (III) ,,,.. ^ 

'• •> -i Kic. Uti, i<eb., p. 155. 

Voltmeter and Controlling- Apparatus m t 

Sufip., Feb. 25 . p 10 , fsi. (^■■I'eckner. Ross & Co.) (HI.) 
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on Some Instrumente tVr tire Measurement of Electromotive 
Force and Eiectrioal Power, (in.) j. a. Fleming & C. IJ Gim 
ingham, Sm-. U- 1 . Fngrs. ami Klecns.; ^ Keb a n rtf. 

(Cont’a.) 


Portable VoUmetorB 
Differencee. (III.) 
Engrs. and Idccns. /V; 


for Measuring Alternating Potential 
C.miM. \V. !•:. Ayrton ami j. Perry, Soe. Tel. 

•< . II 4, p. j ,_ p (.^g_ 


Irisb’s Electric Regulator and Meter, 
p, 66. //V.47 A/V<>/., I‘Vh. u, |>. 62, 

A rcgisti'i' in wliit'fi m<-r< tiry rises and falls, 
resistances aiul clockwork ; the mcrctiry being- 
solenoid. 


(III.) A it'c. I / c/A/, l^'eb. I r, 

in connection with a series of 
acted upon by the core of a 


Blementary 'restintr Suitable for Electric Lighting Systems. 
( 111 .) I.t.r.iy. I-la. I'Vli. ;i, J). io,( ; Fcl>. 10, p. 127- Feb 

2.), p. 174. 

Determination of the Intensity of the Horizontal Component of 
the E,.,rtlFH Magm.tic I.'lold. T. Gray, Glasgow Univ. I'l.il Snr. 

(Note.) /fWi/. A/Vc, A//.*;.*',, h’eb. ty, |i. x.y]. 

Apparatus for Determining the Iixtensity of the Horizontal 
Component of the Barth’s Magnetic Field. V. Gr.iv, Glasgow 
Univ. I'hys. .Soc. J-'lsn., F.-li. 17, p. ;p,i. ’ 

Practical Electrical M(»a8ure«umt. |. SwinlnuiK.-. /..»«./. JuW. AV?'. • 

lV(\tA AVct'//., hVb. I'l. rpj. * 

Electrical Measurfunents Especially as Applied to Commercial 
Work. W. A. .Vmhimv, /,sv/, l iln. /ml ; t.ml. /.VV,. AV/;.-?„ Fcl>. 4 p 

US; Keb. i*», |i, 141. r* 

Corroet Huadiiig of Noodlo IriBtruiUimtB. Ilil.) }\ 

Kell. 1 {, p, 


Corroctlon for t,ho l^ongih of tho Houtllo 
Yanoiuotor. fill. w. M.cHin. /gW. 

A. (’. Klli.et, K(d». i(j. p. ir-*, \V\ Mn*m, Krb. 


of the Pangoiit Gal™ 
A/f’c. 3, p, 127. 

r;. p. iH/i. A. ("k Klliott. 


DiBcuHBloii ot tho Proolnitur of MoaBttroi-iu:mtB. .S, \V. nolmarn 

AhA, .\\ 1 . 3 .V,. Krl»,. p. 44. 

WattB'-lianiron or Wirttio ? (Korr.) K. H, |\ /iW. AVVv. 

AA-o , hr}., 17, p. 

Practical KhHd.rical tfnlin. W . n. Za/aA AAo' AA.yn, Iwb. 17, 

p. i$i (ciint'd). 

A Now Mot.ro, fNisfe.i A'Ac. A>r;o Kclr, 17, p* 146. 

As to the •.w.teni infsc.aiirinrnt winch M h'reyeinet is seeking to intro¬ 
duce, iii sttle.titutmn imj the t 7 t ;, S. nnio.. 


MlM'h IJ. \ \K(il7S, 

Wondora of Aniiual Maguidiwm. id de la Tourette. AWf/t Am. A!ep , 
Keb., p. 10. 
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A New Thermostat. (III.) (Nat. Aut. Fire Alarm Co.) ; AVr.. IVo,^ Feb. 

The Electro-Engraving Machine. (Ill.) nkc. WorM, Fel). 25, p. 90. 
The Electrical Typewriter, (in.) F. Land. Ekcn.-'sa. An, 

reb. 4, p, 73, 

The Wallace Electric Cloth Lining, (m.) ^ p 

An Electric Matrix Making Machine. Wood andiron ; W,-d I'lecn 

x'eb. 4, p. 57. ‘ 

Application of Electricity in the Dental Office. G. W. Whitefield 
Chic. Elec. Club. Wost. Elecn., Feb. ii. p. 67. vvmtefield, 

A New Electric Furnace. (Cailletet.) A^., Feb. 17, p. 175. 

A hollow cylinder of steel hermetically closed, for conducting e.xperiments on 
pmsres.'"“‘'" while subjected to great gaseous 

An Electric Chess Recorder, indust.; West. E/een.. F’eb. s7 • .SVf 
Am., 1-eb. i8, p. 97. (Wurstcnber^Fcr.) ‘ ’ 

The ^auction Top. (in, /•«-AW., „v/y, FTb a,,.,/ 

Anrr Feb. 17, p. 146; AW. An,. S„pp., Feb. 2,, p. ,V,' ’ ' 

An iron dusc spun in front of a liorse.shoe magnet is rei)clle,l ,,,'1 

An Improved Mine Exploder, (in') (n v e ^ 

Feb. 17, p. 166. ■' bons.) J„d„.,l.. 

p. SS; Loud. lU'c. AVr-., Feb. 3, p. 126. ^ ' 

Execution by Electricity. .V. F. lVo,-ld ; West. Eteen., F'eb. ,S, p. 76 
Execution by Electricity. (Ed. Note.) Jiid. Lt. ///. p-,,, ,, ’ 

i rcece , K. S. l.o^on. /W y.',.,,. p„, 3, p. 3^^^ Ip.W- FF 

- 31 ^©'w InsulatGd. ^KTires nil 'i i i it i 

AVeen., Feb. iS, p. 80. ‘ ^ ^'K'-^'T'-ound Cable Co.) /fh;. 

^ ... r„., 

ro. meowoal P„p„„, 

Insulation, j/d Lt. t6 , p. 143. 
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'The Eloctrica,! Bewagi^ /ot.ui. A.'Av. A',-,-.. .• .sv/. /w l-'cl> 
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Ecllning Buga.r hy Phoctricity. .\\ j'. aav. AVr , PAli. ,p |, i 

The PariH Kxhibitioii uV IHBVh (i-yi.) i-Vli, r;, p. 157 

PariB IJiiiverHiU Kxiiihitioa t>r IHHb. /'.rv /■//•j ]> 

The Society of 'feieirraph KngineerB B.rui ElectrieiftxiB and the 
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:h r>. .07. .. 

PatcmiM lurd Kxhiidtioue., .•r,*:;..; f k, lAthic .v s,>fi. /w,.. 

!'• ‘ I'.i' .-1. p.pt Aw...wA.r/,v 

{■). ath. Ml irtU'... 

TIh'I ^N<M*eBBtty of a. Pa.tent Hyntein. itnd the A<lvaiita.ge to he 
Derived 'rheiBOVeiii. '.'aa ;.■■■ ■ ///^ fp-j) 

ImimivoinMut In Our Ihileni Dawn. A. Sfcuari. \hj. I’lr,-. l.i, .Vsse. 
Tlie Annual litipurt i»f tho (N<d* to CcmgresB, 

(i. H ' fM» Ihotl^p- . ;r trA. {,A |n 7?:,. 

The Patent linfnrm rn once more. o. H„ Storldniflpr, A.'Ay. 

Llmitafhni of If, S, Pfit.ent?< Foreign Fate*nl«. n'lnT) I |{ 
1 ^'*^"' I". ./ V. A-; M, i rin, p, ; , 

All Amendinent fo the Patent laiw. J/f. /..a a-- ///., lOA,. u), |>. r|h. 

M.r. Fdhstm nn 'PfOnni Prottndlon, dhl,) , J", AAr. Ftt -r, IP!* 

P- P- , I A .•/, p 

Mr. Edinon oa tie* Patmit Paw. .V. r A',-'-' /A^/ > y FW Ah'»T 

FrI,., p f. ......... . ,, 

EovIhIoii of the Pnfan! Law. * . .\. Ihuwn. Cuiv. F.ifv, e'hifi ; F 

/■V.% / IV 

StatiHtlcH of Dniietl BtaieH PaimitB 'liidaihig to Blec'tricity in 

T. P. I M /V, I-, /7v. Frh. p. 4 a 

rh'f nu .M-e.'a -tLtctI ; a tlrvrr.iav ul Hn frem 1 A8h ; f». m prr 

vvnt, el ull ltd |MOia rM.rh, 
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The Magnetic Properties of Iron. (Ledeboer.) Feb 17, p. 175. 

Magnetization of Iron. Sci. Am. Supp., Feb. 4, p. 10,073. 

1 he possible intensity of magnetic induction. 

C. L. Ilealy. £iec. IVorld, KcId. 


(E. B. E. Stark.) £nir.^ Feb. 17, 


Wire Space in Large Buildings. 

25, p. 88. 

A Diagram for Electric Wiring. 

P- 175. 

The Lightning- Rod Question. 1 ). P. Heap. N. Y. Elec. Rev.; l.ond. 
Elec. Rev.., Feb. 17, p. 162. 

An Improved Electric Bell. (Ill.) (Stocker.) SH. Am. Feb. 25, p. 114. 

The New “Hub” BeU. (Ill.) (Elec. Gas Ltg. Co., Boston.) r. 

Elec. Rev. Feb. ii, p. 3. 

Sunstroke by Electricity. Joxtr. des Eebats ; West. Eleen., Feb. iS p. 
80. Sci. Am.., Feb. 18, p. 99. 

Conference on Technical Education, /.end. Elec., Feb. 17, p. 391. 
Another Electrical Laboratory. (Vienna.) I.ond. Elec. E>w,- Feb 

24. p. 171- 

New Physical Laboratory tTniversity of Michigan, (in) 

K Elec. Rev., Feb. 18, p. 2 ; West. Elccn., Feb. 18, p. 77. 

The Electric Club of New York, ding., Feb. 24, p. r95. 

Electric Club Memories. TV. Y.EUc. Rev., Feb. ii, p. 2. 

Opening of the New York Electric Club. (III.) ,v. K Elec Rc' 
Feb. 4, p, I. /)/</. 6-///., Feb. 9, p. n 7 ’ ‘ 

The House Warming of the New York Electric Club. Md f.t 

^ lit., Feb. 2, p. 97, ‘ ■ 

The Electrical and Magnetic Discoveries of Faraday H a 
Rowland, N. Y. Elec. Club. TV. F. Elcc. Rev., Feb. 4. p. 3. Md. J.t. d 
lit,, leb. 9, p. 118. 

The Term, “Magnetic Resistance. 

Elecn., Feb. 24, p. 412. 

“Resistance” in the Description of 
Physical Phenomena. Rhys. Soc. R. H. N. Bosanquet. Lend. 
Elecn., Feb. 17, p. 390; Indust., Feb, 17, p. 166. 

On the Heating Effects of Electrical Currents. W. II. iVeec-e 
Royal Soc. Land. Elccn, Feb. 17, p. 386, Feb. 24, p. qrt. 

Letters for Learners and Unprofessional Readers, (in ) n d 
Wnkmson. Chap. YII. t>Y..«., Feb. 3, p. 320; Feb. ro, p. 349 ; Feb' 
U, p. 375 ; Feb. 24, p. 408. ‘ 

On the PosiHon and Prospects of Electricity as Applied to 
Engineering. W. Geipel, Instn. Mech. Engr.s. Lend. EUc. Engr., Feb. 

3 , P. 113, Feb. 10, p. 130; Feb. 24, p. 183. Indust., Feb. 10" p ,30- 
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P 355 t Jt'eb. 24, p. 424. 
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Copper Production in 1887 . 
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Blectricity and tlia Law. A'//-..- a“. r. A4r. A/;:--/*., Feb p. 77 

Electric Organ Actiona. 11 . \V;u:ker, l-oly. See. Am, Inst. Eke. World 
Ih' 1). 11, {». f'2. ' ' 

Alternating Current Circuita and Firo Alarm Wirea (Corr 1 
"H. W. I'-." A 7 .'.. iM-h. u, p, t,S. ■ ' 
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Murniy. i\ict , \l\'rht\ l*Vb, iS, p. 7,1. 

A.lvnn.-,-, ih, tli.it "tlu' of an i-leelrie cirrent is tmtirely 
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Electric Welding hy Meana of the Arc. (Ill.) The licnanlos nro- 

s, 2;;^ p, g|_ 

Bnnc*tB (>f Jn.atinvtni Win*, irtirr.) *'1. ,H. S.‘^ K!a\ Worid 

Fd), 25. !*• ‘M. 

Maaufaeturi^ (.rf Alainlidtrni. Pm:, PP:., .I’Vb., p. i$t^, 

Tint Meritenii for Ilendering Iron and Steel Inoxidis- 

aldo. i i'ttd, fid. I>rb, p, 

The f)f K.loetrii*ai fFt*rr..) s, 1*’. Walker, /twy. 

A 4 ‘i', A//;;#., krb, .r/, p, “ I’accf f it'ita, " i‘'ch. p. iHr,. 

Atittikdamt r*{ latlir*. fn ijjrcfjrtp'-.. 

Electricity, t,. U, UIve., A,A,i.. Frb. n, p, yn, Ft.*h. iB. p 77. 

How can wc I^rutiHd. utir Waicliim from the Influonca of Mag- 
mitilim r I . I N.it. Fa. Asmi, //V.vO /uPtn.y FAi). 25, |>. 88» 

The Time in Which W’^e Tiduk. ^/d, it, lit,; SI, Am,, Feb. 
thp. Hi* 

Edoux: Hy<iriuiUc Ehnoitont. fill.} A.A Am, Feb. n, p. BA 

huluib”, hv»bM rlr» lia .tl ir^pilaltrm. 

An Inii>roved Klectrlc Circuit Clo»er, fStiH-ker.) (Fll.) SA, Am,, 
Fel». p, 114. 

Ailoyn, .a, I'atirie, Firneh Ai'aii. Sei, /ar/«.v/., Feb. 3, 

p. 

The Wadding ton** Klocirical Buhinarino ¥t:i»seL (III.) A/AoA, 

i'Vb, r;. p lAf,. 

Tlie Hange of Moletoiiar Forcew. A. W. Ihjekrr. I.rmd. Cheni. Soc. 
A/tAr./., Frt». i*A p. 174. 

Eiectric CBinone and Erleciro-Capilliiry Action. R. Snowdon,, 
blit. A'.mi. Ail, Sri. /'Av. IIPpU, Feb. 4, p. ; /ioO, A 7 o 7 i.,; Feb. 4. p, 56,. 

On tile Kffet't of* I 4 ght on the Eiectric Discharge. K. Wiedem.'uin 
aiiii H. Fbrrt, Hi)**.. Mrd. Sor., Filainpni. Am/. AVV<//.» Feb. 3, p, 32.1, 

On the Optical Deinmistration of Electrical Stress* A. W. Ruckrr, 
;md i \ \\ Huy*., Fby*.. Sut-. imia, KPiU,, Feb. 3, p« 330. 
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On a Water-Dropping- Inauence Machine. S. P. Thompson, Phys 
Soc. Land. Elecn., Feb, 3, p. 330/ Land. Elec. Rev., Feb. 3, p. 126. 

Note on the Theory of the Eleotrophorus. E. C. Rimiuirton. l.o„d. 
Jilec. Rev.; West. Elecn.y Feb. 4, p. 57. 

English and American Practice in Electrical Engineering 
(Corr.) W. H. Smith, hzdust., Feb. 17, p. 170. ^ 

The Heating of Electric Discharging Points. (Sennnola.) 
l^eb. 10, p. 148. ^ 

Atmospheric Electricity. Palmieri, Acad. Sci., Naples. Elec 

Engr., Feb. lo, p. 125. 
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AnuihiH^ Im.inp KroaH. /.v,.,. ^^a^rll 31, ii, hc. 

An iMisMiii '• liman jp.tr* tivn wrH maiiinl tiisUmUrnK d" the 

can dt| |t'V laiairr *3 fijr- lilaHn-itt, |p} tlHMaHf" tin* 

Mil hc.Mmin^t IlpI vcftPril |m ||,r |m-.v}inM4" tla* initnr air ami hat! 

i'ccii tmcri! in 

Liiinpin / / . / .*-v. l/mM March .24, |>. 

Why ^ (it) Incanth^fica^iit Lampti lllaakcrn f IImsia lA linstrth .AAv, 

P \f.lt t ll t ,4 p ! 
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How to Determine the Nature of the Current in Incandescent 
liigThting". Lond, Elecn.j Elec. Worlds March 17, p. 135. 

Electric Safety Lamps. Elec. World, March 10, p. 126. 

The Heisler Series Incandescent System. (III.) Elec. World, March 
10, p. 123. 

Plant at Matteawan, N. Y., with one machine furnishing; 190 lights of 20 
and 30 c. p. on 18 miles of circuits, No. 8 B. & S. wire ; all lamps in 
series. 

New Lampholder. (Note.) Lo 7 td. Elec. Rev., March 30, p. 346. 

The “Municipal** Lamp. (Note.) Lond. Elec. Rev., March 9, p. 263. 

Note on the Efficiency of Incandescent Lamps with Direct and 
Alternatingr Currents. W. E. Ayrton & J. Perry, Phys. Soc. Lond. 
Elecn., March 2, p. 454; Lo 7 td. Elec. Rev., March 9, p. 277 ; Eni^., March 2, 
p. 223 ; Eng., March 16, p, 272 ; Indust., March 2, p. 214, 

Efficiency of Incandescent Lamps and Electric Traction. (Corr.) 
W. E. Ayrton. Lond. Elecn., March 9, p. 481. 

Yesey’s Electrical Odontoscope. (Ill.) Lofui. Elecn., March 2, p. 438 

The Elements of Electric Lighting. Philip Atkinson. No. XXXI. 
West. Elecn., March 3. p. 115; No. XXXIL, March 10, p. 124; No. XXXIII., 
March 17, p. 134. 

Lane-Fox Carbons. Cruto Carbons. Swan Carbons. Weston Carbons. 
Construction of Electric Lamp. 

Electric Lighting. (Ed.) Lond. Elec. Rev., March 9, p. 249. 

The Electric Lighting Act. ( 188 S) Amendment Bill. Lond. Elecn., 
March 9, p. 484; Lo 7 td. Elec. Rev., March 9, p. 259; Lond. Elec, Engr., 
March 9, p. 235. 

The Electric Light Act. (Note.) Lond. Elec. Rev., March 30, p. 343. 
Indust., March 2, p. 246. 

The Electric Light and our Eyesight. Rev. Ini. de I I Electric ith; Md. 
Li. 6^ lit., March 22, p. 332. 

Contracts for Electric Light Wiring. Land. Elec. Rev./ Elec^ World, 
March 17, p. 135 . 

The Accumulation of Dust on Electric Light Wires. Geo, A. 
Nellis. Elec. World, March 10, p. 122. 

The statement is made that the wires indoor carrying alternating current do 
not blacken or accumulate dust, whereas those carrying direct current always 
do. 

Safety Puses for Electric Light Circuits. Elec. World, March 10, 
p. 122. 

Safety Puses. (Corr.) Electrophile.” R. Fred. Yorke. Lond. Elec. Rev., 
March 2, p. 246. 

Putting up Internal Worh. G. L. Addenbrooke. Lond. Elec. Rev., 
March 30, p. 334. 

Insulation for Conductors for Internal Work. (Note.) G. L. 
Addenbrooke. “Anne Insulator,” Lond. Elec. Rev., March 16, p. 304. 
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jil^ijxibaring Concluctorii* limJ. AW*7#,, :Nfarc!i i6, p, 507. 

System used by the AjH^le-Atu, llrush K. i,. Corporatism. 

(Jae into Electricity. rnh\ Aov,, March, p, 1$^, 

^0 Balatiiro Co^t of Oiyi» Oil and Electricity* (Note,) 
March p. -^ 07 - 

( 3 lai <tnd Electricity* * 1 /*/. i-i. d’* ///,, March t, p* 250* 

Meeting oi the New ,\ss'n, (Jas lojgrs. 


IIVNAMUS, SYSTEMS tJE EisriUIiUTIUN. &c* 
fha Blakey-’Einniott Dynamo. /tw*/. /Av. AVia^., March 2, 

p. 2tK) 

Jk Kew DynamtK A\ V, AVr.-, AVc., March 17, p, h. ij. J. WochI,) 

K0W JLmerlcan Electric Dynamo. ilVo. AAcw.. March 17, p. 141, 

Th© Eowliir-l^ancaHtt^r Dyniinisr fj!l.) /.,»#/»/. AW*. A?ren, March :p», 

p. 

The 81 lTr 4 »y Dynamo and Motsrr* itlh) /■/*•.■. ;r,,,oy, March us, p, tes* 

Ulokemeyer*© Dynamo, /.cm/, /SVi. AV*-'.. March 27*. p. 310; .A"‘. E. 

AVer, A%’C.» Mach, p^ t.Thc ” Ironciad/*) 

Th« Crompton Bwiiihurmi oAfr.i L>mf, AA,. AVc,, March 

2, p. 247 ' 

Combined Enpino amt Dynamo at Ordnanmi Sarirey. Dublin. 

A/y,; A'. E. /' A.* AVC',, \! 4 nh 74, p, 7, 

Dynamo Yondoni* Hand Hook, lEI i l‘afi I, E. h, Badt. dAir, A/coo, 
Alanli 17, p. t C« EaO II . Manh 'ih p-. r.p. itot EH., March 31. itw,c 

The Term •* Map nolle liogliilansmE* o Varj |a«n SwiaUtirfuc hmJ, 
A/m#., Mao h M. p D i 

An Bxporlmomal Method of Eimlinn iho Work Expmidod In 
Bitahll^ldiiy a Mii|fnolle E'^iidd. #AVm/Vi. /<?«♦/. AAr#/,, 
March 2, p, d-H, 

BttiU'TTp Dyliiiimi IMaiilw.. ■*IH .■ "c E Vau Nmo. /..At. lEcrA/, March 
31, p. tf*** 

Eolatiw Fordtion of Hlittni ami Bv^rloH Htdl© on Chnnpound 
Dynainoif, o .,!i 1 ‘‘|* W '* /A., IfV'c//, M.aHi 17, p. mo. 

Tho Slattery Altoruatlfin Dynamo, iill.'i /•7c/. /A, /W;'* Marche, 

p, 2 mH. 

Tho Blatlory ImhuMdoii Bynlonn Hll.j HVaA AAc-i#, ; .AS E, .A/cc, 

A’mp , .\|40 li, p, r i |. 

8halionhor||or*ii ByisOorr of Blrooi l., 4 |flstlri|f by Alternating Cur« 
roma l-O'd, iMtImpiMU. /ct#A # Aiauh 2, p, 413, 

M. Jablochkiif!*Triinnformiir^* *. 111,4 /.cmA AAt##.,, !^!arclt p, p, 480, 
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Electrical Comrerter. (Ill.) f. eIcc. Rev.. March 3. p. 8 (E N 
Dickerson, Jr.) ^ ^ ‘ 

^ A patented system for obtaining an alternating low tension current from a 
direct high tension current. 

Current Distribution of the Near Future. Dr. Louis Duncan. Lontl. 
Elec. Engr.^ March 2, p. 207. 

Notes on Alternate Currents. J. A. Fleming (continued from p. 406). 
(Ill,) Land. Elecn., March i6, p. 502. 

Transformers or Accumulators ? Land. Bhc. Mngr., March 2. p. 198. 
The Battle of the Transformers. Land. Elect., March 2, p. 446. 

Alternating Currents in Contiguous Wires. (Corr.) A. G. Ilol- 

combe. Elec. IVorld^ March lo, p. 124. 

Primary and Secondary Currents in Induction Coils. <;cence 
March 2, p. 105. " 

Safety Devices with Transformers. (Corr.) Elihu Thomson, Land. 
Elecn., March 16, p. 520. 

The Measurement of the Power Supplied to the Primary Coil 
of a Transformer. (III.) E. C. Rimington. Rhys. Soc. Loud, Elect 
March 23, p. 554; March 16, p. 271. 

On the Measurement of Magnetic Lag. Thos. M. Blakesley. (Corr.) 
Land. Elect., March 9, p. 4S2. 'J'he Lag in ’IVansformers. W. K. Ayrton 
& John Perry. Land. Elect., March 16, p. 509. 

The Counter.Electro-Motive Force of Transformers, or Con 
verters. Md. Lt. Hi., March 15, p. 302. 

Experiments on Induction Coils. (Ill., iv, L„uis Duncan, Cary T. 
Hutchinson and Gilbert Wilkes. Elec. IVarld, March 31, j,. 160. 

Formulse for Transformers. Prof. Geo. I’orires, Soc. of Tel. Ungrs. and 

Elecns. l.ond. hlec. E/igr.y March 2, p. 202. 

Electrical Transformers. (Corr.) Emilio Magatti. E,,.^. March 23 n 

285, ' ^ ' 

On the Difference of Phases of Currents, on the Retardation of 
Induction and on the Dissipation of Energy in Trans- 
formers: Experimental and Theoretical Researches. Prof. 
(Tahleo Ferraras. (Continued from p. 192.) Loud. Elec. Eev., March 2 n 
220; March 9, p. 252. (Concluded.) ' ‘ 

Proposed Method of Rendering Retardation of Phase Visible. 
L. R. Wilberforce. Land. Elect., March 23, p. 553. 

Alternating vs Continuous Currents. M. M. M. Slattery, Chic. Elec. 
Club. West Elect. March 24. p. 152. (Corr.) T. Carpenter Smith, March 
r, I'fionard, rV. V. Elec. Eev., March 17. p. 4; Ed, Y 

f/'im 30, p. 305, Md. 

JJ. ^ J/t., March 29, p. 360. 
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The Comparativo Yaluo «f the Continuous and the Alternatincr 
Current Systems U,r the Commercial Distribution of Elec- 
tricity, (ill.) H. Ward 1 .i-oiiani. Cliic. Isloc. (Ihib. IVorU. March 

*4, p. 15**1 Mart*}}, |>. iHH, 

The Distribution of Ei(»ctrlcity by Alternate Currents (111 ) t 
Car()cnU-r .South, Nat hire. I.t, .\ss„. /.Wv.hW,/, Marche p. i,-,- /.w 

Klan., .Marrh I’y, p. y.p.; . 1 /,/. //r . March i, p 2-.0 . \''y /y.,.’ 

Kn!;r., Mar, h, p. mi ; A . K. HU,. /.V..,. March .y, p. rj ; W. HUr. A«..r' 

March 23, p, 2H4. ’ 

The Energy of Alternating Currents, iin.i o. jj .sinilcnbcrccr 
Nat. l-.lcc, I.t. Asm.. AVc, , March y, p. j/y 

S, 1). 277 I \ . 1 . A/c. March, p. i,„ ; A’. I'. A7,r. AW'., March 17 

p. M l. 

On AlU.rnatu Curr.mt Transformers, with Special Reference to 
the Best I’reportion between Iroir and Copper. (Ill.) (Hsbert 
Kap)., So.. Trl. hii.ps. and hlccns. A/,-,. hV//,/, .March 17. p. m,. ' - 

The Distrlbutlnn of KhtclflcHy by Means of Secondary Genera- 
tors or ^Tra.u,formers. |. K. 11. Ma, krn/.ic, .Sec. Tcl. Ivngrs. and 
KhTii'., Mai,l, ,, ir.,; A/rt,,., Mai-ch 10, p. 122 ; 

Ai.urh i;, ji. i i'\, 

Alternate (hirreiit TranaformerH. (Ill ) AA. IIW/.,'. M.evh 24, p. lyy. 

HiMil'.’.iiiii el Ihr K.tpp .Old \Ia, kcit.'ic paiiri-. l.cfeic ilic Sei'. Tcl. I'hirrs 

and I’.lcrii'., 

Alternate Curri^iit TvH,mit\>rnwm. Siu l v\ ;unl IvictnMs. /W. 

A7rt. AV;c, M.uih 7 ., p. 2 vs Marrh p, p. -- (Nntc.) March 23. p. 321 *; 
AiWiA /',c, r. M.u'th M. |C Man'll IM, p, 21^11; {Cmr.} Iv. Manvilk.% 

Man li ;• i, p. -,‘7.- , Xpurli p, 14,3 ; /- ft,;,, March t^, p. 244 ; /ntfust,, March 
2, p. ;m! 4. (f'utj - 17 Maiivillc.. MarMi :a>, |i. 3^*5 : Sa>my\ March 23, p. 

l,\t ] \iiau h a*, p. i :. 



PJ.htMdUC |n.AVKK. 

The W<ak Mfii Irian CiofUilnif lloimm. nil.,} \\ Hkr. A\>v, 

March tn, p. mc «slnc»vii?^; ic-r f 4 Mincir.i 

Kleotric of Pnwer. ,v*i. Am. March 3, p. M,i»i42. 

'fhe Kticp.hfrflcii .utd NMlMilaise t«N},dlafinfj .tml resellH of report llicrwtn, with 
tallies ot jrsnlf , 

Fire T)ngine« 0|>oraiecl 

Xrws! Sti* Him., 

Mao h 3, p. i \7. 

Simple KhunrU* Mimr. HIli tj^o. M. ijopkies. Sa. Am., Mmdt 'tj, 
p* fhr^. /a*//,!, /.V. />/,__# , March 30, |.c 

Electric Motors. 1. I,. i'.,pc. .V,oAh,-,. lAiy.,■ A,.«,A/;A.% A»^ 

« 3 » I>. 2St. 

Qlass Cutting by Electricity, (S,,ic. , /.ml A/r,'. AV,-.., March 30, p, 345. 






Pumping- in Mines hy Eiectricitr. Land. Elec. Lev., March 30, p. 33 

P- March 30, p. 2g? 

Indust, ^ March 30, p. 326. ^ ” 

Liebig, Jr., Nat. Elec. Lt. Assn. Md Lt. /// 

rS TEfls m’ 

p. 25!’ ' ■ 3 , P. 9: Land Elec. E,tsr., March iC. 

Ne-0r C. A C. Shunt Wound Motor. (III.) Elec. World, March lo, p. 125 
The “Beiding*’ Motor, (in.) Elec, World, March 10, p. 127. 

Electric Motors for Organs and Launches. (HI.) ^4... World 

March 17, p. 137. (Shows use of small “ C. & C." motors.) 

Rerersing Electric Motors. (Corr.) dike. World, March 24, p. 154. 

Transmission of Power in Madrid. El Ecanomuk ; Elec. World 
March 17, p. 137; Lond. Elec. Eev., March 2, p. 23X. 

Electric Launches at the Boat Race. March 30, p. 568 

Designing Electric Motors. Fred. Walker. Erae. Elec., March p 183 
Article awarded the pnze by the Jlfec/ianical World, London. 

The Efficiency of Small Electric Motors. E. H. Clifford Abatraci 

Alternating Current Electro-Motors. Dr. Louis Duncan, Am Ins 
p 280 TVj^f March 8,’ 

Electric Tramways. R. W. Blackwell. A/. Ey. Jonr., March, p. 70 
The^ Bentley-Knight Electric Railway, (i,,.) 

at Allegheny. Pa. M y. Elec. Eev., 

Electrical Traction. .V„W, March 23, p. ; /W. A/.r,, March, p. X87 

Electric Traction. (Ed.) /.a„Y. Elec. Ee.., March 30. p, 329 (Note ) 
Edward Manville. March 23, p. 326. ’ V^ott.) 

Tie H™,.],-. lUllway. („,.) ^ 

".Tir “ 









•1 


): 


[May, i8,SH.l I'-l-KC TKICAl, I.rrKRATUKK. 


The Frankfurt-Offonbach Electric Tramway. 

I.initi. Marcli 23, p. 533, 

An admirably full ami detailed .Wwripii.m of the road, 
the overht-a.l system with slotted lube condtielors. 


(Ill.) K. Krause, 
which is openited on 


Electric Traction—Closed Conduit Systems. 

/.,w,//■:/.: >1.. March 9, J). ,JS2, bond. Ins. Civ. Knirr.s 
31, p. ib.}. 


(Corr.) \V. tlcipel. 
II ert*. /'./ei'K., March 


Electric Tramwtvs with St.Uionary Metallic Conductors R w 

Hhu'kwcil. AW;-/., Man;fi 23, p, 279. 


Blectricn.! Stroot liallwaye. 
Man'll 3, |). in. 


(‘■‘•rr.) “Kng'ineer." AA y, yja 


fxev, , 


Underground Haulage l>y Electricity. (Ill.) .sv/. Am. Su/^f, Marei, a, 

p. tn,2t I. ’ 

sVm. Ceipers yupei on ..j.|,ii.'aiion of electric railways to mine work. 

The Bloctro-Automatic Transit Company of Baltimore. tllM 

rfV. }. /:./(\\ AV."., Mui'cIj iM, |.». H. 

I’nr r;trryin}»’ |Ktcka|»i‘M thr country hy {-Icctrif express. 


IXS’l'Rt'MI^N'rs. MKAsrUlsMlhX'rs, Xr. 

Momentary TnoUng Bnitable for Kiectric Ughting Systems. 
{Ill) nmm.i*, (uuy. A.;., A/^v., (coiuM from p. 121^) Mareh 2 p 

199 ; Mareh ifi. p. 240; M.uvh 30, ii. 294. 

XiOtters lor Tjoftj'UfirH and Ifnprofessional Xic^adors. {Ill,) n. i). 
WtUvinsou, /.*//,/. /!,, M 4 ,, h 2. p. 44s : Mareh 9, p, 477 ; March Ri, 

p. 504 ; .M.u, li 2 9 p. 343 : Manh 3... p, e^.o. Chap. VUI. 'rijc Calibration 
of (’tirrenf In*he,it«ttH, 

“Lo Wattmetro et son Manlement." (Review.) March 

|{), p ‘aiO, 

"The Ret, r-nt.ijp- Aiciii.tcv of W.ittmetei-.." t('oir.) I.. K. Wilberforee. 

March 311, p. C"**, 

Instrumeiitfi of PriHdaion r'if the Mather Electric Company. (III.) 

A/o". //C//./, M.uah C-p p, 144, 

New irM'.f.uitr hu\. au,f i».»|vauefmeter devised hy iVof. \V, A, 

Anthony. 

Tho LjiHt Motlol of tiei Aron Eloetrlc^ Meter. .Vc/. t/w. •V///*/-., 
Mareh m, p, n., jfp*, 

Westcum Eiortrle. <hfii EUietrle Ct.ir.renl Indicator. (Ill,) .aa V. 
AVVe. /u\\, M.u’t'h 3. p. i. 

'Xho Sesiimann Ammeter. c\mIc,'i /.om/, AMy. AW,//',» March 2, p. i()5. 

Application <jf the Deel-Antpere or Centi-Ainpere Balance to 
the Determination of the E. M. F. of Voltaic Colls. AA y\ 

M.iiah 39 p, 1. 

Combined Clalyamnneter, Antmeter and Voltmeter, (lih) /77 *,va 
A 7 ew., M.ireh 24, p. 1 10, 
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(Concluded.) £kc. World, March lo, p. 128^’ ' ^ 

^ Se.^’aitr --ci 

tcht "■ - 

">• M.a- 

^ t.»u o, <r, r- 

p. 168. World, March 31, 

Practical Electrical Units, w n v.o , 

Elec. £ngr., March 9. p. 222. ’ ‘ ^ ^''°'" P' * 53 .) Loud. 

Queries as to Calculations. (Corr ) H E Fh n- 

e Notation of Magnetic Quantities. (Corr 1 F tt ■ ,• 

March 2, p. 45r. i'-orr.) E. Hospitaller, /.w. 

Wire Tables. z. March z. p. z„ 

Harcourfs New Pentane Standard Lamp mn/ ... 

2. p. 456 : Lond. Elec. Engr., March 2, p. 212- /l-ff m' , ” 

'Con Hefner Alteneck’s Am^i a T ' ’ P' "^ 7 - 

Y. Elec. Eev. M^rch 31, p" lo^^® Standard of Light. Elek. 

Bond, Soc. of Ar^!‘^M^Lt. -Application.. Geo. M. 

The Radio Micrometer. (Note ) "i- p i, ’ 


UNDERGROUND WIRES. 

Underground Conductors (Ed. Ai ^r ' 

March 23, p. 305. '•* ' ^ Engr.; J.owl. Elec. Rev. 

«. P. 3=7. D.vM 

^ngr„ March, p. pr; y P* "^ 72 ; .M F. Mkc, 

CV; Mmh 30, p, 3 P, . e,.,. w..,U, M.ich 3 “* *’ * • "■ 

3 ,^ 

;:.r- 
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Undergromul. Win^n fur Umimu Ml /r 
rul)lit; I r’.hjuMrjy i>t 

Undorgruuntl Kliu'-triu Light Wiro«, /.a 
p. 272. ft on.) I'utuK Hrf'urf, 


I w'--'* ///.^ Marrh 


; ht.iusi^^ March 
{». jcH j; Mar'i’li 30, |>, 


E. Eauh'H Notv Thi,rnm KWtrU. Battery / ./ ■ 

/Vj. , MuM h :in. J,. li.-. ^ ‘ ' 

Tho Tojiiporatiiro at whU-h Nh-k.d o . i 1 , 

Mapnotir. P«„.,.rtloH ,r„ , ,7 P f**« 

MaH.., j, .. (I'hys, S....) 

Thermo Mas,n..ti,- M.aur. jiii., ., , 

W. 1!. .. '"• !•■ 

On Sonu, Karl.v Knr.aa of KlorlrU-Furnacoa. ,N,.. m,,, 

tfU- f'laiu, ,-..., l .lnm I , Hm,/ j.-, ‘ ' i"< I- . Mn 


A\|t 7 Al , .\r. 

Compound ..Itnhoy i5ns,ino. .ili.i /v,,. Am-,, - ,, 

A New BoUer Bettlnj,. hh i .,///, :. V. m ’', ' " ’ 

”°T,"r .. ■'' ... ■ 

A rta,.r I-,,, . . ... ^ ^ ^ 

L.«a..'r I1„1U„„ : II. (W„l„ ,.,1,1 

.. u; V r;. .■7..^. d r, /;,... 

;i. ,„r,. .-<• !'■ : A’,., HWAi, M.mh 

A New Belt Cintmlier for B.v«ameH. .Mar.h m. 

H,.,, /.w, 

iV, r / d „ , v 7 , ' ■ ’■ >’■ !'• !'.<•: 

M ; '* Ma,rh m / W 

i Mae !, ,e. jr ,<,H , M.,f, I, s_,. ' 

““S",”‘‘e 7 ‘I,'"'.1. 11. . ... 
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Spring forBalance and Halr- 
_P- ^ 79 . (Ill.) Jour. Fkln. llf March. 

Spring fo/ Balance and Halr- 

P. 238. J- Houston. Jour. I^'kln. InH., March, 

Gas Engines for Electric Plants, (m ) ,, 

The Kortmgf engine, ^ '* Itlec., March, p. 182. 


-KOJLYSIS, &c. 

Improved Primary Battery ail \ v ■ , 

(P. Selby.) , H"-) Set. A,n. Su/,p., March 17, p. 10175. 

The Schansohieff Primary Battery /-y,, ,, ,, 

The New ‘«Law>* Battery ail 1 rv ^ ‘ P' 

A Novel Porm of Prim ’ « ’ P' 

orm Primary Battery. („,) ^7.. Work, March 3, p. 

The Woodward battery, in one form of i ■ , , 

“[ ““ w*. ."<1 .h. 

placed a jacket of perforated iron the i F ‘'Ground which is 

Partz-s Depolarizing Compound, y/,, ^ , 

Magnesium as a Positive Element, y 
The Electrolysis of Copper Sulnhat T' 

cal Instruments, a. W. Meiwf ailT Eleotri- 

P- 315 : March 30, p. 335 ; ^ 4 v«., Ma chirt If' “3, 

Combined Battery and Detector (Not' T 

P- 263. • (Note.) Zo,u/. Eleo. Kev., March y, 

BeYGlopment of Voltaic' x i 

K MarlAtmospheric Oxidation. 

Electrolytic Disinfection of Cm,.. 

March 9. p. 230. Alcohols. 

Blectrolybis. AYf. March 31. p. x6o. 

The Electrolytic Pole InrUr. 

March 9, p. 263 ; West. Slecn^ A 4 r. March 

MTatVa Electrolytic Zinc Proems y y y 

mst. Elecn., March 31, p. 157. ’ March 9, p. 258 ; 

"'•w-mj... Gea F I7„,, 
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Blectrolytlcaay-ForauMl C«pp„r Pipeg, „ 

p. 43f». ' ^**''' March 2, 

Producing Oxygmx (Ja» by Bioctrolyaig. i,. w s„p,h / , ... 

Martii 30, p. 5H1. ' Imd h/mr., 

Dujardln’a Improvoinonta i«» Ac««n>ulator8. (II! ) A' r /7 .. 

M:m-h I'.t, j,. I : .V, M.,,,.), J A-t., 

ITie Now Qlbaon Btoriigo Ibittory. nil) /v- ir 

Kxrtnphhr*. pnnc iur i!m- irfmihir* of tin* atijvr ' 1 

and rliiirhci! into thr <’apsidcs rolleti 

TOie Carxior«» Acrtimtilator. /■'/.•,■ /r’w.v . 

<a.i...M pi..„. ....»■ >50. 

tidii ni.iilc liv iiiiuii;' liduti,,. Mil!, liilii.' I'l "’ll'’ a composi- 
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Recent DeYelopments of Electricity. (Ill.) Elec. World, March 10, 
p. 126. (Portion of article by S. S. Wheeler in Harper's Weekly.) 

Recent Bevelopments of Electricity as an Industrial Art. S. S. 
Wheeler. Harper's Weekly, Feb. 28. 

Submarine Mining. Lieut.-Col. Bucknill. (Ill.) March 9, p. 230. 

March 23, p. 281. 

The Firing Station. The Store Depot. 

Firing High Explosives by Means of Electricity. Elec. World, 
March 17, p. 136. 

Electrical Appliances Used With Torpedoes and Submarine 
Mines. (Ill.) Capt. C. A. McAvoy. Lond. Elecn., March 9, p. 469; 
March 16, p 501. 

A New Coupling for Joining Wires. (Ill.) Elec. World, March 31 
p. 167. 

An ingenious “vice-grip” split tube coupling devised by Carl Hering. 

The Simplex Tree Insulator. (Ill.) N. Y. Elec. Rev., March 10, p. r. 

Equipment of the Paris International Electric Laboratory. 

West. Elecn,, March 31, p. 165. 

The Paris Electrical Laboratory. March 2, p. 224; 

March 30, p. 154. 

The Working of Metals by Electric Power. P^^ac. Elec., March 
p. 188, 

Tests of Electric Welding. Am. Eng. Rec.; Lotui. Eleai., March 2, p. 434. 

Electrical Welding. (Ill.) Sci, Am. Sttpp., March 3, p. 10,144; Sci. Am.. 
March 24, p. 185. 

The Benardos system of welding by the electric arc. 

On the Heating Effects of Electric Curren.,s. Lond. Elec, Rev., 
March 9, p. 258. 

The Heating of Wires hy Electric Currents. (Note.) Indust., March 

16, p. 279. 

The Protection of Buildings from Lightning. Indust, Marches 
p. 301 - 

Atmospheric Electricity. Dr. W. Marcet, Royal Met, Soc. Eng March 
30, p. 324- ' ’ 

Atmospheric Electricity. Dr. W. Marcet. Non-existence of Thunder¬ 
bolts. G. J. Symons, Royal Met. Soc. Lond. Eke. Engr., March 2j, p. 284. 

The Non-Existence of Thunderbolts. G. J. Symons, Royal Met. Soc. 
Lond. Elecn., March 23, p. 545. 

Electrostatic Attraction in Liquids. Eke. World, March 24, p. 148. 

The Influence of Light upon the Electrostatic Charge. Lond. 
Elecn., March 30, p. 578. 
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and H. Ebert. Elec. World, March lo. p. 
23, p. 275. 


Discharge. E. Wiedemann 
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A Belgian Electrical Syndicate. Indust.; Elec. World, March 17 n 

An Electric Detective Camera. (Ill.) Elec. World, March 31. p. 161. 

An Electrically-Controlled Diaphragm Valve. (Ill.) Elec. World 
March 31, p. 168. ’ ' 

EJlectromotiYe Force and Difference of Potential. Prof. H. S. Car- 
hart. IVesL Slecn.j March 3, p. 115. 

Lyceum. West. Eicon 

March 17, p. 139- 

Practical Use of an Electro-Magnet. Pittsburg Press; Elecn 
March 31, p. 165, 

Electric Conduction hy Air. V. V. Elec. Ecu., March 24, p. i. (m T 
Borgmann.) ‘ 

The Electric Resistance of Cobalt. N. Y. Elec. Rev., March 24, p. i. 

The Johnson System of Heat Regulation. W. F. Chester fim 
Md. Lt. Isr lit., March 29, p. 357. ^ 

^^°®kwood, Boston Elec. Club. 

Ma. Lt. Lit. j March 29, p. 350. 

Insulating Cement. Moniteur Industriel; Lond. Elec. Engr., March 30, p. 
299* 

An Experiment. (Ed.) Lond. EUc. Engr., March 30, p. 300 

An interesting:experiment at Southampton. England, in consuming “town 
refuse, the heat thus generated to be used under the boilers of an electric 
lighting plant. 

Electrical Killing. Thos. D. Lockwood. N. Y. Elec. Engr., March, p. 

An article directed against the proposed execution of criminals by electricity. 

Prospects of Electricity as Applied to Engineering, (m.) West 
Ee,. M„h p. ..., M„h p. .,p. .... p 

roi 57 , March ty, p. Lond. Elec. Engr., March 2. p. 200. Enr 

March 2. p. 212 ; March 9, p, 237. ' 

Report of and notes upon the paper read before the Ins. of Mcch Enirrs 
by Wm. Geipel. » 

A Novel Electro-Magnet. Jotcr. Fkln. Inst., March, p. 262. 

The^Electric Process on the ComstocR. W. Y. Elec. Rev., March 17, 

The Tucker Electric Automatic Eire Door. (Ill.) ,v. y. AVrr. Rev 
March 17, p. 3. ’ • 

electro-magnets con- 

desirei thermostats. An alarm annunciator is placed in the circuit, if 
Ma^eMsm Produced by Steam. (Ill.) .4». .^ugi., March lo. p. 
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'rKLKt;RArHV. 

Th© Frobablo DurfUiUitj of Hard-drawn Copper Telegraph 
li5rir(L Win. fr. A. ). A)<v. Aprils p* 157* 

r'avonibU* results <»t a fnur years' leUT;rav>hie use of the wire, which the 
writer helirvrs iik«-!y t‘U*l ntore ^;euer;d use than at present. 

Long Distance T(dcgrapiry. A/o . n\^rhi, April 21, p. 201. 

Telegrapiiic. Conuuunication Imi'wmm China and Europe, lom/, 
/:4v 70, April ru p, ^ 27 . 

Modern MItitary Appliances. tlH.) /ilnsf, Z. ituNi:: .SVA/Iw.* April 

24h. 

A very intfu'esiinp, uitii le on nhlitat y telejpaphs, etc. 

The First Appropriation of Congress for the Tedegraph. Ao. 

2H, \K 20. . 

Sir Jolm I'omlor. (\Vn!i ) /"W, /•/.•. «.. April 27, !'• <‘«7. 

<|uet. April 27 , |s 7 ‘'’^s 

Synoiironmm Multiplex T«U* 0 r»pl»y. llll.) «-.,rr.i 1 '. li. Driany. 

/'.4s//., AfU'il 27 * |s 7 Eh 

Train Tolttgmpliy. -7. I’'*'•‘'4 ■ 

(The l."Uii;l. \ .iH' ) >) '<1 Al>'il <>. I'' :'•> 

Tlu» G<.v(.riu«.rnl 'I'.rlugrapU IHll. (Ivt I M- V///.. April i.m>.437. 

Bifocl of Holayn in Circuit, t "H.i infM. April 7. !*• '«'*■ 

Toiograpliio l.ightnlag UiaOuirgorH. .hma/.-s A'. X. 

AYf'o AV'U.. Aptil vs, p. 7 . 

MonKeys tr« Toiogrttph Wir<*s. iN-u-.t April 27. 

(MeXIV 0.1 

Tolograpll Koy«. 1,lil ) .V. )'• AV.-.. April 21. p. (West. Electric,) 

Now Tolograpii Key tmd Sou«d«r. (tll.t >’• A./.v. April 2 S, 
p. rrhc •' Ciii.pic," N.nv Haven Vlra'k Ca.) 

The Writing Twlogro-ph. (HO P- <.l- » 

KnUeftsttn. > 
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NTgw Time Recorder. (Ill.) West. Elecn., April 14, p. 381. (Electrical 
Construction Co.) 

Fire Telegraphy and False Alarms. Land. Elec. Rev., April 20, p.411. 
R. von Fischer-Treuenfeld, Soc. Tel. Engrs. and Elecns. (Corr.) K. Uig- 
gins. April 27, p. 464. 

The New York Fire Telegraphs. (Ill.) Indust., April 20, p. 405. 

New Automatic Fire Alarm. (Ill.) Lond. Elecn., April 27, p. 711. 

FJlectrical Alarm Clock. (Ill.) West. Elecn., April 21, p. 193. (Dennison- 
Hall Mfg. Co., Chicago.) 

An alarm clock combined with battery. The switch must be turned before 
the ringing ceases. 

New Watchman’s Clock. (Ill.) (New Haven Clock Co.) N. F. Elec. 
Rev., April 14, p. r ; Elec. World, April 21, p. 200. 

A Dial Annunciator. (Ill.) Elec, World, April 21, p. 200. 

A Simple Alarm. (Ill.) (Corr.) W. E. Kauke. Elec. World, April 21, p. 198. 

A Novel Electric Train Signal. (Ill.) Md. It. lit. April 26, p. 464. 
The Acme " appliance replacing the ordinary bell rope. 

Optical Telegraphy. En^., April 13, p. 370. 

The American Inventors of the Telegraph. F. L. Pope. Century, 
April, p. 924. 

Dealing specially with the work done by Alfred Vail, as inventor of the 
spring finger key, proposer of an alphabetical code, etc. 


TELEPHONY. 

Practical Telephony. (Ill.) Thos. I). Lockwood. Part VIIL West 
Elecn., April 21, p. 195. 

Kansas City Telephone Exchange. West. Elecn., April 7, p. 177. 

The Chicago Cushman Telephone Company. West. Elecn., April 14, 

p. I8I. 

The Telephone in Peru. (Note.) Land. Elec. Engr., April 6, p. 313. 

The Telephone in Europe. N. V. Elec. Eev., April 7, p. 6. (Statistics.) 
The Telephone in Mexico. Elec. World, April 28. p. 217. 

The Telephonic Bullet Probe. (III.) John II. Girdner. Ef. V. Elec. 
Eev., April 28, p. I ; Prac. Elec., April, p. 204. 

To Find a Ball in the Human Body. JV. V. Elec. Per.. April 7, p. 5 ; 
April 14, p. I. 

Application of the Telephone. JV. V. Elec. April 14, p. 1. (Ader. 

Telephone Signals in Submarine Telegraphy. Elec. World, April 
28, p. 214. (Ader.) 

A Sound Recei-rer for Submarine Telegraph Lines. Zoad. Elecn.., 
JV. y. Elec. Rev., April 2r, p. 7 ; Lond. Elec. En.t;r., April 6, p 314 (Ader). 
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Induction on Toiephcmo Llnon. oVut.) A. F. C. AAr. April 

7 » P* 

Compound Tolaphono and Tolograph Wires, hniint., lomi, Ekcn., 
April 13, I'K 02U. 

Xion0“I)iHtnincci Tidt^phoi^y, A’. F. A-Vi-c-, AVr,, Ajiril 7, p. «*» Sci.Am., 

Apsil i.|, p. 

TolSpilOne Systeinn. H'on.f F. P., <'F Hawes. I om^L .AAuv/., April 27, p. 720, 

Tlie Biee and ProgretiH <»f Telephony in the United Kingdom. 
(Ill.) d't'tuM !ti*{U p. r ,370 /tWiA liken.^ April 27, j>. 6B7. 

A PropOHod Now Ihihllc Telephone System for Cities and Large 
Towiis. tin.! Walker Musriey. (iAniM from p, 5.12.) A’Av*//., April 

I 3 » p. 

The Boll Co'mpp,ny*» lieport. (Fd.) Ak Ik AVrv. h'ev., .April 7, p, 4. 

The GoYerument and the Teii,!phone. loud, like. AV?'., April 20, p. 4,13, 

How to Mfi,ke tire Tfdephono Transmittor More, ConYenient. 
('Note ) M F. AAv, AV;-., A|nH 7, p- S- 

Alle0<»<,l Antl<I'Uit3^ of the Tolepho.ne. Ak F. like. Kev., April 7, p. x. 
(India.) 

Tlie Bo|)(>rt of th«i American Brdl T<»lephone Company. Ak V. 
like. AV.’., Apiil 7, \K f»; I'ke. tToriJ^ April 7. \>, i 7 e 1 Ak Ik l.ke. AV/yr., 
April, p. 

The Beis Telephone. S.i. Atn . April 14, vk 229. 

4 

The Lrawhuaigh. Claim. Aoxkfi lleraU; ..Ak F, like, AVs’s, April 7, p. 2. 

An Op.inion on the Ih/vU 'rfd-e|;ih«n4.i Suits. (Corr.) ** Klcctron.'* 
ilAA //. r ' //A, Aptil f). p. 37'i' 

The Bell Teleoleum Irefrrre the Americaxi Courts, indnst,, April 
Fh !>■ JV'o 

Judgment of the- Supreme Crnirt <jf the f.lniterl Btatt^s in the 
Tehg>h<me Appeahi. loud. / Av«.., Ajiril p. 007; April 13, p. (sp.); 
Ajnil 2u, p. t»0’v 

The Tideplrone Dmdjdon in Brief. A‘. F', Eke, AVr-.r,, April, p. rH2. 

A Victory far fh*» Patent laiw. CAii Ak F. AVo". /o/yr., April, |>. 153. 

Hrurw mI {Ih" Frit Trlrphuar dmsion, 

About Microphom* llocelYers. Ull,| Okn'r.) C, j, KintaT, Ak }. 
likt , Ik, Apol p. 3. 

Tlie Future rrf tlu» Phmiograpiu Ak Ik Eke, At'.'*,, A|>ril 21, p, i. 
(lltuiieioiisiy |,ar*.i,ralri.! hy j. Atmuf lv,ae.3i.jt 

The Telephrmo as a Clalmanometer in Bridge Measurements. 
(Ill) A, F. / ,r, . Ay.‘>., Apnl 14, p, 7, (I.evcih) 

An Klectric Ore ’Tester. (Ml.* /'Av. ll wA/, April 21, p. ipB. 

Trlrplnuur app.a.tUi"* fiaviuij a hoah ia whah as it. passrs ever ore, 

ground with ittri.d in U. i** *ni|vpn'Hrd Ir* givr ii riink in tin..’ trlnphonu at cvciy 
nn't.all.ir rruit.u f, 
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The Caloriphone. Leon de Pontois. Elec. World, April 7, p. 175. 

The object of this apparatus is to obtain telephonic communication without 
the use of a conducting wire, between comparatively distant stations. 


ELECTRIC TTGUT. 

How to Xiook at an Arc Lamp and What We May Expect to 
See. Md. Li. dr* Ht., April 19, p. 442. 

An investigation as to lighting values, and the meaning of candle power." 

Zone of Maximum Intensity in Arc Light. Elec. World, April 21, p. 
201. 

The Maximum Bjffllciency of Incandescent Lamps. (Ill.) John W. 
Howell. Am. Ins. Elec. Engrs. Elec. World, April 14, p. 190. 

Discussion on the above April 28, p. 217. Afd. Lt. ^ lit.. vVpril 12, p. 
410. West. Elecn., April 14, p. 183. Science, April 20, p. 188. 

The Edison Glow Lamp Patents. Indust., April 27, p, 428. 

Incandescent Lamp Patents. Lend. Elec. /vVr., April 27, j). 450; Land. 
Elecn., April 20, p. 663 ; April 27, p. 698. 

(Edison & Swan United Electric I.ight Co. v. Holland and Others.) 

High Candle-Power Incandescent Lamps. Science, April 13, p. 177. 

A 1,000 c. p. Incandescent Lamp. (Ill.) Elec. World, April 7, p. 179. 
Lamps of 100 volts and 20 amperes employed in the work at tlic I'orth 
Bridge, Scotland. I he lamps of 800 c. p. have a single loop ; Iho.scuDf 1,000 
c. p. have two filaments in parallel, kept apart T)y a cleat-like device fused in 
the bottom of the bulb. 

Incandescence Filaments. (Note.) Loud. Elec. Efnfr.y l.ond. Elec. Ee7\, 
Ajiril 27, p. 44^* (Note.) Land. Elec. En,^'r., April 20, p. 364. 

The Size of Incandescent Lamp Filaments. I : Elect rid en ; La 

I.um. Elec.; Loud, Elecn., April 13, p. 633. 

A Diagram Showing the Size of Conductors for House Wiring. 
(Ill.) (’. H, Crockett. Klcc, World, April 21, p. 202. 

Gives size for wiring with l^klison j6 c. p. lamps, 100 volts, ,75 ampere, witfi 
I per cent. loss in conductors. 

Insulating Electric Light Conductors. (Corr.) W. M. C. Loud. 
Elec. Rev., April 13, p. 407. 

Insulating Electric Light Conductors. (Corr.) S. A. Russell. Loud. 
Elec. Rev., April 27, p. 463. 

Thomson-Houston and the La Salle St. Tunnel. (Ml ) Wesi. Ekcn., 
April 21, p, 194. 

Method of lighting up tunnel under the ('hicago river. A Thomson motor 
is also used to drive a ventilating fan. 

Chicago River Lighting Plant. (III.) Wesl. Elecn., April 14, p. 182. 

A Western Electric plant of 120 arc light capacity installed by the City of 
Chicago to facilitate navigation of the Chicago river at night. 
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Heialtfr Flam at MaiUiawaa. (lU.) nWi. Elan., April 7, p. 173. 
Electric Towi^ra in thy Wojst. M. y. Eke. /k 7 K, April 21, p. 9. 

The KhHjtric Light Fhtut 111 thy Amphhm Academy, Brooklyn, 
(III.) /L '. .', \pt!i .’I, I* ifi9, Ihtlisun instullution,) 

The Brush Light Btatlnn at liochestor, IST. Y. (HI.) Eke. 

Apiil l \. \> i “ V- 

A III*?'' 'J.ifiujj, t'? i.t-'f au.-'., ij¥ 4 i jnrafjiiesfcnts, anti iirarly 200 motors 
opei'atr*! by uatn fioin tJir l .oart t ima’Hre Falls. 

Electric Liiilitiiig t#!’ B|>anhih Theatryti. /.eml, Eken., April 13, p. 
6 ;n. 

The Arc lAghi Ijnitaliatlyn tof ihtt International Jubilee Exhibi¬ 
tion of Finn Arlfi In Vienna, (lilj /.imk. Eken., April 6, p. 596. 

The litdfttlve Vemi o!’ CLnin Oil a.nd Electricity in Russia,. 

/'.V.;/.. \|nsl 1 9 p 

Naifigating On* Htnv'/, (hinal hy Niiihl... iSiHe.} Ima, Eke. Enu, 
Ajjril t*. p 'NMir /■?»--., A|)ril b, p, 317, 

Electric Llgiiflng' In Jnpnn and (lorea. \ . Eke. AVv., April 7, p. 

Saint KtieinU'* Cb*ntrnl Lighting Btation. till,* loatainr. EmJ. 

AA't. /■ ae ., \piil , :■ 

Electric Lighting' a! !lu» Vii'lorht Hotel* MaacheHter, Eng. 

iitiiU'oi . Apt b ;, y< i- ■ 

The Both hfi.niin‘*n Snwamr* WrirkiJ. •|!Pi A|}j'}j 2t». p. 40H. 

'I br pO'p'- ' • * ' 'bsr',; If.? a mIv ♦''Irfnjv li|;luiijg platit, 

Electric LightIng ai Him (.Ihuigo'W International Exhibition, 
18 HH. H.b ■ ^ p v-r*. 

Ligiitlng tho UjOmu Hank uf LMiniyn. /-.Av, /ke., April c, p. 

IM) ; /. «.r , '! 

TravoUing A ro Ilifvtarialh'm h?r liallwayic dll,) 

In ‘l*E: , =■;■• ’ -■: f p 

Outlie ('oat yf' ronirni Hlain.ui iaghllug. j. k,. l». Mackfjizk’. 

hntu'.e,, p .1 - 

The (bmt of cbuiirai Hf.ftfh»n ih||lit.in|f. -I'' lo f., t‘e*!}ip!M!i. Eitins!.; 

itl‘> ■>' /%., . . \p. . } p, , r-f; , A pi'* '; .S i. p, 

(-entra.l Hfafi *u LighMiig liy Hiomip* Hatterion. /Lab 



Power htr Lighfmg fistin an Ar^M-la/n Well, li. h. Kurkwead. Se/. 

. i: . . ;; p., rp,, 

Wfi-ier pMWio'iuei IshMUrh'* Lighting. »A*.4 r.i Itwd. l./ee. /u“r,, April 

f P c 

XrfOrii Oritwfonre Klorfric 'Liuhliiig 'BlIL Eke. Err., April 20* 

,p. .|I;P. 





INDEX OF CURRENT 


VI 


[June, i8SS,j 


Electric liightingr Act ( 188 S) Amendment Bill. Lond. Elec. Eng,-., 
April 20, p. 380; April 27, p. 404. 

Electric Light Signalling in England. A'. Y. Elec. Rev., April 14, 
p. 1. 

Electric Light Signalling by Reflection from Clouds. Land. 
Eiecn,, April 27, p. 684. 

Carbons for Arc Lamps. (Note.) Land. Elec. Rev., April 6, p. 369. 
(Note.) Land. Elec. Engy., April 6, p. 3:5 ; April 27, p. 386. (Hardtmuth 1 

A We-ssr Absolute Cut-Out. (Ill.) Md. Lt. Ht., April 26, p. 464; A'. 
Y. Elec. Rev., April 28, p. 8. (Thomson-Houston.) 

Cockburn and Day’s Switch. (III.) Loud. Elec. Engr., April 20, p. ■ 
April 27, p. 395. 

The Waterhouse Regulator. IVesi. Elecn., April 28. p. 213 ; N. Y. 
Elec. Eev,, April 7, p. 10. 

Waterhouse Electric Light Company. Hartford Courant ; West. 
Elecn.., April 14, p. 189.' 

A DeYice for Testing Arc Light Circuits to DiscoYer Leaks 
to Earth. (Ill.) C. H. Rudd. West. Elecn., April 2r, p. 196. (Chic. 
Elec. Club.) 

The New Gas Attachment. (III.) m-st. Elect., April 7, p. 171. 

A fixture devised by F. S. Marx, by which incandescent lamps may be 
attached to existing gas brackets. 

Lamp Holder. (Ill.) Zond. Elec. Engr., April 20, p. 376. (Woodhouse- 
Rawson.) 

Paterson and Cooper's Fittings. (Ill) Loml. Elec. Engr., April 13 p 
■ 350. . . 1 

The Electric Light in Textile Manufactories. (Note.) Cent, ftir 
Ekk..; Lond. Elec. Engr., April 13, p. 338. 

The Use of Electricity for Theatre Lighting, loud. Elecn., April 
27, p. 712. Soc. Tel Engrs. and Elecns. (E. G. Tidd.) Zond. Elec. Engr.. 
April 27, p. 390 ; Inditst., April 6, p. 357. 

The Electric Lighting of Theatres. H. K Elec. Rev., April 28, p, 5. 
Cars Lighted by Electricity, H. V. Elec. Rezf., April 21, p. 9. 

The Timmis System of Train Lighting by Electricity, (III) 
Indust. April 13, p. 380. 

The Electric Lighting of Trains. Eng.; Elec. World, April 28 r> 214. 
(J. A. Timmis.) 

Train Lighting. (Note ) Zond. Elec. Rev., April 20, p. 418. (K. Hedges ) 
(Note.) Zond. Elec. Engr., April 13, p. 341. 

NaYlgation Projector. (Ill) April 27, p. 436, (Paterson 

& Cooper.) 

The Electric Light and NaTal Warfare. (Note.) Land, Elee. Rev. 
April 27, p. 444. 




















f 

i 

lJuoc, kSBH.] ! ‘•I'CTKlt A1. J.ITKKATUK].;. 

Portable Pliectric 14ght,ln;( Apparatus. 

A|)ril 20, |i. iuaii/. tV <"«.», Byda-lVsth ) 

The Klocirical OcioiitUHCopiL {l\l} Xi\ Am. ,S;v//., April 21, p, 10,260. 

Trouvo’B .Anxan(>BO(>i>tu (Nutc.) Imui. /-.VA . Kn^r,, Aiiril 20, p. 361 ; ScL 
.V/;/'/'. Apui p. lu,22^. 

Why Fronta Dvvindlo. i >. r. j.ukson. A‘, V, K!a. Emy., April, p. iGo. 
A vny ititr'H’stoyt .md statianent »>f tlu; manner in which electric 

light statuniH ran hr rinrralfnl at a without cl'lort, 

Ftttuto Gaa ChHUpatiioii. IIVx/, /nV.April 21, p. 200. ('F, Wood, Ohio 
(las l4. As'-n.) 

Gia« Coiupanlon aitcl tho Kloctric I-ight. (mx World; Eiecn., 

April J.p p. 

Illuiniiin-rtliHu t.\r»tr.| /r#;,,*. f i(\, Aju'il 20, 3^’3‘ (Hospitnlicr.) 

Fhotomotry. / 'S'.A / -V . -^pdd 2*), 370. 

Harcourt’H Fioitaun HUiUtliirtl ,Ln.nt|>. illl.) /■7o\ /.Vrs, April 6, 

p, 33*^. i\ \rnu*n Hairutut,s /IV,/. A.Ax?;.. April 14, |}. 1S2. 

The Dt^volopjiuoit iW tlio Aforinirlal Air Pvuup, (III.) H. I‘. Thomp¬ 
son, A. r. /'/•■'*, Ai'O'd, |i. pju. H.tmfl, Sue. Arts.) 

The Application uf KloctrlcUy to lAghtln-g and Working. (Ill) 
W. 11. Pff'cer, /'.Afo, April 27, p. tnrt. tjuvmilr Lectures, Soc. Arts.) 

An Early inventtir In Kioctric XAglitlng. d/a/i (Afz, ; Jjmd. 

April p. 0'.c tSt,ua,l 

The Fonualion of tho Now England Bioctric Exchange, Md, 
/.I 7 '^ /A^, \pul A p ::4oH. Aptil .12, pp. 4«,i7--4tri ; A'. T. AVVe, AV?'., April 
7, ]). 0 ; Aptil .0. p 2; /us, it\m*d, Aj.iril 14, p, 142; April 2r, p 19H, 

The Electric Light find.. Fire LoaiiiB. ciCd.) J/d. Id lit., April 19, 
p. 4.c;. 

Fire Olhct^ litdort. April in |.r, 364. 

Relating to Incandonront Lighting. ,A*. V. Efor. AVo , April 14. p, 2. 
(Kulrs (»t Nrw in,;. Ins i i i 

How linniranco Mon Approclalo the Bliictric Light. Al V, AVer'. 

AV'is, Ap'i'tl 14, p. |u. 

Rules for Kloctrh* Light Inidallatioin ./AVo H\n/d^ April 21, p, 202. 

(Nrw Lug. Ins, 1 s,.{ Ao and inotiidrsirnt, 

ReductHi liaten of Innuraiico trit I'^roperty Lighted hy Elec¬ 
tricity. Jfd, J ,d V ' V//, Ap’d s, p. A,AS /L4A4 April 1.4, in 1H6. 

Fire linleiJi. /,V.. AV.-., Apul Li [k 307; lomi. /AVrw,, April 13, p 

hl.H, 

Sne, <4 I'rl Inpps, ,attd LIrces. Lulrs;yp.| Regu Lit ions for the Prevention 
of I'lu* IL’.I..iiran,' tiuin Idrcin*..' Lighting, 

The Bloctrit*. Light Loiironiion, Aoe;., Aphi h, p. 340. (I’ittsimrgh 

meeting.) 

Cuayngharne, Woodhnutni A liawion Magnetic Cut-Out. (Ill) 

ionui, /‘JoifL, Apol 2's p, 670. 



INDEX OF CURRENT 


[June, 1 388 , 


viii 


DYNAMOS, SYSTEMS OF DISTRIBUTION, &c. 

Experiments Illustrating the Principle of the Djnamo. G. M 
Hopkins. (Ill.) ScL Am., April 14, p. 233 ; April 21, p. 244 ; Lond. Elec 
Engr., April 27, p. 398. 

The Coupling of Alternating Current Dynamos in Parallel- (Ill. 
Dr. G. Stern. Lond. Elec. Rev.; Elec. World, April 7, p. 174 - 

Electrical Welding. (Note.) Lond. Elec. Rev., April 13. p. 402. Prof. A 
E. Dolbear in Ain. Eng. Record. (Note ) Lond. Elec. Engr., April 6,,p. 314 
N. y. Elec. Rev., April 7 » PP- 2, 7 

A New Induction Coil. (Ill.) West. Elecn., April 28, p. 209. (E. E. Ries. 

A New Form of Induction Coil. (Ill.) Elec. World, April 28, p. 214 
(Elias E. Ries.) 

In this type of transformer the high tension primary wire is completely in 
closed within and protected by the low tension secondary, the two forming 
single compound conductor. 

Experiments on Induction Coils. II. (Ill ) Dr. Louis Duncan, Car 
T. Hutchinson & Gilbert Wilkes. Elec. World, April 28, p. 212. 

The Lag in Transformers. W. E. Ayrton and J. Perry. Elec. Worla 
April 14, p. 187. 

Alternating Current Transformers. (Corr.) Lond. Elecn., April 2c 
p, 671 ; April 27, p. 721 ; West. Elecn., April 14, p. 182. 

Formulae for Transformers. Prof Geo. Forbes. N. Y. Elec. Engr., Apri 
p. 160. (Soc. Tel. Engrs. & Eleens.) 

The Counter-ElectromotiYe Force of Transformers, or ConYert 
ers. Afd. Lt. ^ lit.; N. Y. Elec. Engr., April, p. 181. 

The ComparatiYe Talue of the Continuous and the Alternatinj 
Current Systems for the Commercial Distribution of Elec 
tricity. M. M. M. Slattery, Chic. Elec. Club. Prac. Elec., April, p. 20" 

ComparatiYe Value of Continuous and Alternating Curren 
Systems for the Commercial Distribution of Electricity 
(Ill.) H. Ward Leonard, Chicago Elec. Club. Lond. Elecn., A|)ril 6, p. Co: 
N. Y. Elec. Engr., April, p. 166. 

The ComparatiYe Value of the Alternating Transrormer am 
Continuous Current Systems for Central Station Lighting 
p'. B. Badt, Chic. Elec. Club. IVest. Elecn., April 28, pp 205*•2' 6. 

ComparatiYe Value of the ConYerter and Continuous Curren 
Systems of Electrical Distribution. (111.) E. P. Warner, Chi( 
Elec. Club. N. Y. Elec. Rev., April 14, p. B ; West. Elecn , April 7, p. 17; 

The Alternate ys. the Continuous Current. (Corr.) T. Carpent( 
Smith, Nat. Elec. Lt. Assn. N. Y. Elec. Engr., April, p. 180. 

Central Station Lighting : Transformers ys. Accumulators. (Ill 
R. E. B. Crompton, Soc. Tel, Engrs. and Eleens. Lewd. Elec. Rev., April 2( 
p. 424 ; April 27, p. 456 ; (Note.) April 13, p. 402 ; (Ed) April 27, p. 432 
Lond. Elecn., April 13, p. 634; April 20, p. 655 ; April 27, p, C94 ; Lorn 
Elec. Engr., April 13, p. 342 ; April 20, p. 378 ; April 27, p. 403 Scienc 
April 27, p. 200; Eng., April 20, p. 392. 










KI.KC I KK AI, l.tTKKATUKK. 


i.x 


[June. 


> 


a. 


J 


t 


1 


r. 


Lt 


.) 


Bleotrical I>istril>utl«a by Mmas of TmnsforinarB. in. K. 1). 

l-.ogj''*. ^uni bicrns. IVs’st. Klfxn,, April 14, p. 189. 

The AlUu’iutting ru. tho ConCurrent System. J/%/. A 4 v/;.. 
April 14. p. A|iMi ,0. |> .*<0 ; April 6, p. 167. 

(I)isru:.’.t'>u <*u K,ip|i'vv Mafkrti.’ir's piijKT, S«.h:, 'rc, ICngrs. and Eiecns.) 

On AUcnmate Current Transforiiuvrs, with Special Keference to 
the ilest Proportion betwt>en Iron mid Copper. (III.) Gisbcrt 
Kapp. .V. r. / April, p. (.Sue. ’frl. Kr^p's. am! Klecns.) 

Ini. p ry,-. 

Continuous Chirront ’’rrn.UMfbrniatlon. K. T, Srlltm* Lomi, Kii'cn., April 

13, p. 

Notes on Aiteriuite Chumuitfi ijll.i j. A. Mriiiit^p I%kcn,^ h\ml 

6 , p. ‘-'U ; ^pol ru. p. 

The Frohlein (.>f l‘UectricnI. Distribution. (10:1) A^. V. Pliee. /o/i;?'., 
Apiil, \K 0 . 4 , 

I>i-,ru-.’.iMU of tlir allrOj.UIh*’ ditfr'l larthtni. 

Application of Klectric Conv#»rttirs. /•'a:;., April t% p. 37^.,). fWai. 

Feln*s Multipolar Dynaino'. G!l,) A", V. /'Av, AVr.. April 7. p. 3. 

The PlicK4*ni*»yor Dy namo, rill, I /'.Vr. nh'?/,/, April 28, p. 213. 

'The {'*iiuplf'lr(.| iHi'iri ♦*( tlir v tniunrn'i.A *'i}f».n»;lati *' rlynamra 

Tlie Mnya Incandefimml DynauMa, iilLi (V. J. Mayo.) /‘Av. llAr/,4 
Apol , p. 5 ?' . 

The Tluuio Dyoiauio. rill, i iK. *fhonr /^Av. /r<o'a/. April 7, p. 

Machine for Wlufllnff llynaiiirm, (111,1 /oAr./A;,,::r,,, April re 

p. 34 'A fep' ^ i-*l laflir ik-.ri^piril l>y WjHArr.oa ai^l lAacr lAr ?lyiwriit.» windinij ) 

Some Pointti in the MeiMtanirrU (hinstructkm t>f Dynamos. /.a//A 
./AA. r «, o. \pol O. P 40% I.>rr p. 7 -% fan, 27, for prrvaass aitirlr.) 

Note eii tlio 'Dmury of Dyoiaino Machines. .law. /’iyv, ini</ ('kern,: 
iV. h. / A,. /Ar> , Apol p. e 

A FraiOlciC MiUlunl nt Ct^ltmiatlnff anti Deslpniiig^ Dynamos 
anti M< 4 .orii. CAl lA H. C'rwlrr, K. V. lArr. Srn:. /A-r. IfW'A/, Ai'nh 
aH. p, ;or 

The Matrnetic. CIrtmH of Dynamti Machinei. |IIL) hA,»rr.) IL Mb 

kavro'Jiatt. /w./AO,, Apill e, p, yrf, 

Dyjiamu /■■«./, i-L\. /<».;>.; Prat. AVi-i ., April, p. an. 

Kapp c»r Bilvoy V s tii'-tirn K^pp. /A.. (iW./, .April i.», p. *H 6 . 

Mr. 8ilvt«y ou Hl» (Cwr.) W. 1,. Siivey. Mkf. IVvrlJ, April 

2 H» p, 2*3, 

“BulH-tJ'p'' I)y«tt.»n<> Flant». (111. t'.trr.} 1-,wing Mr-1.«ii). PPf. WoM, 

April 2 % p*. tM*4. 

Th® E. M. F, rtf IMarr Dynaintw. tt*ttrf,r /‘V<v. n%rU, April 7, P- »*o- 




INDEX OF CURRENT 


[June, 1888.] 


Tlie Output of Dynamos per Unit ’Weiglit of Copper. Zeits. fur 
Elect.; Lond. Elecn., April 13, p. 634. M. W. Peukert. 

The Magnetic Circuit of Dynamo Machines, (Note.) H. W. Ra- 
venshaw. Indust.; Lo 7 td. Elec. April 13, p. 403. 

The Direct Optical Projection of Electro-Dynamic Dines of 
Force, and other Electro-Dynamic Phenomena, (Ill.) J. W. 
Moore. Sci. Am, Supp.^ April 21, p. 10,256. 


ELECTRIC POWER. 

Organ Blowing by Electricity. (Note.) Lond. Elec. Engr,, April 27, 
P- 389 - 

Electric Fan Outfit. [ 111 .) Erac. Elec., April, p. 210. (With C. & C. motor.) 

Stamping Bills and other Documents by the Electric Motor. 
(Ill.) Elec. World, April 7, p. 175 ; N. Y. Elec. Rev., April 7, p. i ; Prac. 
Elec,, April, p. 210. 

C. & C. motor operating the stamping apparatus of the Adams Express 
Company. 

Manufacturing Jewelry by Electric Power. (III.) like. World, 
April 7, p. 176. 

Use of Sprague motor in a jewelry factory in New York. 

Simple Electric Motor. (Ill.) AVz/., April 13, p. 390. (Geo. 

M. Hopkins.) Sci. Am. 

How to Make a Simple Electric Motor. (Ill.) Geo. M. Hopkins, 
Sci. Am. Supp., April 14, p. 10,240. 

Electric Motors in America. (Note.) iMid. Elec. Eev^, April 6, p. 371. 

Electric Transmission of Power hy Brown’s Dynamos. (III.) 

Eng., April 20, p. 380. 

Electric Motors for Mining- Work. Science, April 6, p. i68. 

UtiUzation of Electricity in South Wales Mining Operations. 
lj>nd, Elecn., April 6, p. 604. (Electric Shot Firing, Lighting and Signaling. 
Iron dtid Coal Prades Review.^ 

An Extensive Application of the Electrical Transmission of 
Power. (Ill.) A^. y, Ellec. Eev., April 7, p. 8. (Sprague motor in Cali- 
fornia mining.) 

Electric Coal Cutting Machine. April 6, p. 589 ; A^. Y. 

Elec. Rev., April 14, p. 10; Elec. World, April 28, p. 217. 

Pumping in Mines by Electricity. Eidust.; N. Y. Elec. Rev. April 
^8, p, 9; West. Elecn., April 2i, p. 194. 

Constant Current and Constant Potential Motors in Practice 

J. A. Powers. 'JY. y.'Elec.’Engr.,' April, ■.. 

A broad treatment of the electric power question, with reasons for the more 

. general introduction of series motors. 







1 l.l-U l Klt'AI, I.rrKR.VTi:Rl'. 


gune, I 1 


Kroba KUH^trlc M/utor. /.W.'-, April 


*'• 33 <j. 


J, New" Electric* X. 4 i.uiicli, ./uVi’. Ajvrii 

O’he Kioctric. Lifiiu-h Early Coopor.*’ (liL) 314 - 

p. April 13, 

* 

The EUoauu Moii.ir. . I./;..;'. /iV;-., April 2S. p, 6 . 

Electrical ^rraniwaya: The Baaabrook and 

(HI.) r-l. I i*>pi.:u-. »'.i. /.Av. AAvr., April 13, p. ^ 

37a; Apijl V7, p. 4'** A .‘KA-AAf'-, April 13, p. 176. ’ Api-y p. 

Electrical Trftctl<»n, /uA', April p. 375. 

Electric Tranrwiiy. iS^Av.) /■.’«./. /‘ 4 Vr. 

\.Virnua.',i ’ b, p. 

The Obacrvfitury II'UI Pitiireeiiier liallway aircl 

Appfrra.tii:4, Ar'. J', /..7%, /W;-, A|;nil.i 4 , p, 3 . p|. ^ 

j‘-!u ) 

Electric HfitilapH la Ch>tt«>a Milla, UIIA /'At'. 

/' .A''. .. A|nA, p'. A^', r, 3 Av. iCr.\, April 21, p. p, 201. 

Mill A'^vvrll. r>ni44'fri| ^.viAi .t mat! tha.«a*h tiu* ^ 

ir^p wilh MU''!hr..t 4 r*>uAut'i'^o , \ h(,tisi-.k :«?4 tery Inupp 

BleciricaA b^taaiiurjlUar iC-rai KatLIiar W.iai. 

(,. \y V’ i /’t. . Ai.iil -.. j.. iV;. ' April 

Electric '.rrajaway la V'ieaaa. iXMir.i /vfu/, 

it, 1^. 3^*1- ' April 

Aw Klecirt* MntMr fur "rrami*ani. iliri iA«'*{'f,) C. K. ^r 
Apnl * 4 p 4 A 1 . lAttUAU A|ail p. 4:d. 

Elecirli^ awd Mapwctli* 'fracibiw. dll) aA /’v. (laz,, 


Lu<iluw*ii Kb'ctric Hallway*. 
Eioctiic vii, (bihlu Hal I way. 
Electrical Traci iun. 3 .. /. 

liaplil Elect tic i'riuwiU. il7. 


, ei/ , Ajail, p. 5 >h. 
/,'3v. Aac^e A|ai!, p^ 
//, A‘ ///,, April c;^ 


(Au rlr».4tr4 r'.,-. fu* iau'aa% b'l ir4simliMti i4 ta.ul matter, "" 

Underifrettiid Kimirlc ITawiway f«r I'^arla. iX%;4^4 j, 

/u'.‘ . Apu! p -tl ■ 

Bl«H-t,ric 'l'i-ai-ii..u im ihtt triHlor(jrt>w«d ti«.Uwi«,y. 

Apul ■■■;.. p ■;.... ''‘"‘O.;/...,,,, 

Aiscunuihitorn vurnuM IJirtn’l C!«rr*tiUH for r« 

(lli,( w. 1 i)i.-:i. . a. Ap:ii I (. p I'i'. f *'<»-otioa. 

* * Qf'll Hi.*.,..... ^ 

Csv, 3<rr *} .-vli, be'i,. r|, ^ e....H‘. of 

Appllcaiinu «tf t.ht» Blorime UaHery ie Oar rm 

/E./m. . \po.;M. ; A’'. K 

Hor«e, Hleaitt^ nr Kboiiiclt^e .^pril .n, |k 2-,p3^ 

The Elect4ical TrantuwlaeUtw of EwriJfny f\xr 

Cana lit. itr. i / «./ 3./, Aa;?, V|a'i 11 * |'». :.im> lA-Inu 

‘till Henry.:) 


!-mc. of 


»»•) .V. }'. 




XU 


INDEX OF CUkRENT 


[June, 1888.1 


Priority of InTention in Methods of Motor Begulation. I. Frank 
J. Sprague. EUc. World, April 7, p. 176. II. April 14, p. 187. 

Mr. Spraffue on His Defense. (Corr.) F. J. Sprague. Land. Elec. Rev 
April 6, p. 376. 


BATTERIES, ELECTROLYSIS, &c. 

Electro-Plating. F. A. Walker. Prac. Elec., April, p. 213, 

Formation of the Explosive Chloride of Hitrogen by Elec¬ 
trolysis. (Corr.) Wm. E. Hale. Science, April 27, p. 206. 

Electrolysis of Iron Salts. Alex. Watt. (Continued from p. 66.) N. V. 
Elec, Engr., April, p. 175. 

Electrolysis of Lead Salts. Alex. Watt. Lend. Elec. Rev., April 6 p. aed ■ 
April 13, p. 392 ; April 27, p. 36 

Watt’s Electrotypic Zinc Process. Land. Meek. World; Prac Elec 
April, p. 212. " 

The Schanschieir Primary Battery. Science, April 6, p. .68; Prac 

Elec., April, p. 211. 

*^^^erole^^^ Battery. (Note.) Land. Elec. Engr., April 27, p. 385. (Mes- 






(Ill.) Elec. World, April 21, p. 200. (G. E. 


^ iNew jjry Battery, (in.) jUec. World, 

Gassner.) 

A New Carbon Battery. 

Terrell, Inv.) 

" 3 - P 339 - (Band- 

CondnetiYity of Nitric Acid. Elec. World, April 28. p. 214. (M. Bouty ) 

Magnesium as a Positive Element. M. Hein. Elek. Zeiic; Elec. 
Worm, April 7, p. 175. 1. . 

Magnesium in Primary Batteries. April 13, p. .77. 

Thermal Variation in Daniell Cells and Accumulators. Wiede- 

mamis Annale 7 i; Lond. Elecn., April 20, p. 652. 

St Without Heat. Will.ard E. Ca.se, 

m. Inst. Llec. Engrs. April 20, p. x88 ; Erac. Elec., April, p. 212. 

Aooiun,xl.tor Pl.t,,, p, 

Afcic. „ » p„,„a„ buckltoE ,„d th, 01 bucHol piste, 

'’'“'■^'-■.AP-.14.P..»7. (Dbiotete, 

Switoi,,. (la.) w ea... 

April 27, p. 711. (Woodhouse & Rawson.) 

The De Benardos Accumulator. Scic72ee, April 20, p. 189. 















ia..r:.i;TiuCAf. tjterature 


.nil 


FftrJbftoRy aiul AiH*urniilators* AViV//<v» April 6, p* i68. 

(iibaoii BinraifH BaU^iry, /fV.< A7 a7i,, April 21, p. i«> 4 ; .SViV/a<r, April 

;:i, p- 

Coppor Pipt^ri Mmln hy Kloctrolyaia, /.mtl AAr. AV/.-r.; .V. V, Eke. 
AV/\. Apiil «!!. p- 

i\sTlii;^MP:KTS, MKASrRKMKNTS, kc. 

A SiinpR^ TpbI for Dotoriiilnin0 tho liomstaiice of an Eartli. (III.) 
1‘‘, II, I'Miuro'V, / ,'hJ. /'it'., /sVi'\, April 20, p. 412. 

A MotlioA of Tout lug Kiirth llcmiatanoea. dll. Corr,.) Geo. IC. 

Flrlt'hrr, oV;',, A|ml 27, p. 4^4, 

Conatruotloii of Roriiirlaiioi'^a. iNtdr.i A". T. Eke. Ikv., April 7^ p. 5. 

Conatraotioii of Iiofilnlft,i-it*o Btrjciirr. CIU. Oar ) ^Wiii. A. Aath<')iiy 
Aw</, lk,fi . Aptil I 0 I*. #o-i. 

Practical Kioctricai f.liittn. W, II, K*4o>». (Gotuinunl from p. 222.) 

ima\ kki. i pt.j.. Apul. o. p. 

The Volt, tho Ohio. rioI Iho .A*ii|Hvrii, GIL) Frairris K. Kiplier* Mkc. 
IIVoV* April 7. ih / .<«>/. k... Arv%. Apol 27, p. .ppp 

A Now Paitorii of liofl<H*ting nalvanmnotor witli Lamp and 
Bcalo. flin t*. I - A‘l»lrnl'tt.(H 4 tr, l*hy% Sm:, /IVr/. /„7o7^,, April 7. p. 

; /'.V.. H, o",/, Apol t |. I't . i H-ti, 

Thci Bail Inti c Clnlvaiiomiitor. W, ImJ. Eke. A*ev. , April 13, p. 

A Froportloiiiil lifOoUiig (lalifanomtHor, till.) l>r, A. IfArsDinvaL 

/ii i am i ♦ i i k.*t , M, p, ^ 2 ’^. 

Yoltoiotor of ilio Bimitory Iniliictlon Syatom, flit.) tlkst. Eken., 
Aplll p 

Tlionxioifa Electric Motor. Gill Eke, IIFo’/, April 2H» p. 214, 

A mrfvt iiii-n,f»-4 1’.^ i imP f.liliu ircwlriili tiir CKjaiiwbiioC tiie 

I»|t>iil. ot- li .|I m!»mI III Oo. |.y the htMmg e4 rcilsiri thrm, c;uia\H the 

Inill’i p* M '4 illOr, 4 Si 4 ihic.! 1*1 04*001 

Improvotl iUtrnmi Motor, Gll/i Are Aaf/., April 2H, p, i<>, 27 t>* 

A Now Gurroot Motor. R. Itrf!4-*^o4o. /»?#»/. Eken,. April 13, p. ffjr. 

It iMir.r-Ctol 4 sRO'OOMiiNin jntliralioit*i arr prop«irth»«ul to the 

4insrot nilrir 0*1 , ao*! ♦ i a pUioiiirfri'wliieh loiegratrH ihe delketioiw of the 

llyil.iniMloiir t 

TIm* aat»» Wmtin.iti.r, iH! fVm,} !tii,. r. HUthy. Umf. E/i-cn., April 

p. oti ; j 4 I Apol 20* p, 070. 

A Now ABiittriHifor llyiiaoomtotor« /i'oi,*., April 20, p. 3 #* 

A Now Magootemrotof, l4!ioiiia*» Gray, l*hy% Hoc. tihw, IJiiiv. Ake. 
lEer/J. Apiil 7, p 

X 8tu<iy of fSortiiin Krront Sa th» Coa»t»Bt Shant Method. W. 
L, I'ulfr,, Am A.rf.t, A«!» mui Siknie*. A'. T, A'/*'. A’m, Aprilai, p. *. 





XIV 


INDEX OF CURRENT 


[June, 1888.] 


UNDERGROUND WIRES. 

Underground Conduits in Boston. (Ed.j ZA 6^//A, April 19, 

p. 437 - 

TJnderground Matters in Boston. Md. U. I/t., April 12. p. 420; 
April 19, p 437 ; April 26, p. 463 I P' ^ ! April 

28, p. 6, 

Underground Conductors for Electric Currents. J. M. Smith, 
Nat. Elec. Lt. Assn. Loud. Elec. Engr., April 6 , p. 327* 

The Undergronndlng of Electric Arc Light Wires. Wells W. 
Leggett, Nat. Elec. Lt. Assn. Loud. Elec. Rev., April 6 , p. 363 1 Lond. Elec. 
Engr., April 6 . p. 332. (Concluded from p. 3 o 5 -) 


THERMO-ELECTRICITY. 

On Some Early Forms of Electric Furnaces. Edwin J. Houston. 
Lond. Elec. Rev., April 6 , p. 365- (Hepretz’s and Lontm’s electric furnaces.) 
Jour. Fkln. Inst., April, p. 300. 

On Some Early Forms of .Electric Furnaces. EdwH J. Houston. 
Jottr. Fkln. Inst.;. Lond. Elec Rev., April 27, p. 440 . (Johnson’s Electric 
Furnace. Watson & Prosser’s.) 

A New Thermo-Electric Battery. (Ill.) Lond. Elec. Rev.; Elec. World, 

April 21, p. 198. (Dr. Raub.) . . 

Comprises elements in annular shape, with a special “refrigerating; device 

for the forcible introduction of air. 

E. Baub’s Keinr Thermo Battery. (Ill.) G. Betz. Lond. EJec. Engr,, 
April 13, p. 350 ; N", Y. Elec Rev., April 2t, p. i. 

Abs. of paper in Cent, fur Elek. 

A New Thermo-Electric Element, M. Ueimel. EElecincien; Eke. 
World, April 7, p. I 74 - 


MISCELLANEOUS. 

Curious Facts Relati-sre to Alloys. Pop. Sci. F'ezos ; Sci. Am., April 
14, p. 232. 

Alloys. W. C. Roberts-Austen. Soc. Arts, Lond. Sci. Am., April 28, p. 265. 
Magnesium. Lond. Elecn., April 27, p. 686. 

Fluorine a Universal Solvent. Iron^ Sci. Am., April 21, p. 242. 
Isolation of Fluorine. A. E. Tutton. Nature; Jour. Fkln. Inst,, April 
p. 314* 

FecuUar Properties of Selenium. Elec, ^forld, April 7 » P* 3 : 75 - 
The Electric Resistance if Cobalt. Dr. G. Eac\ Eng.; Elec. World, 
April 7, p. 179 - 





1 


11 I « 1 iitr U i.t TKRATUKE. 


XV 


[Jhim:, 1 '^"“ ! 

< .!«(!•. Ill' HmIUjui Sulphur. Compies Rendus. Elec. 

Cou.Uu-t vU, 

) Miitii Kloiuoilt*. NYm. Crookes, Chem. Soc. Land. Elec. 

Bloniiuhs u»“ •'* 

/.«,■, Avuisr 

. SN '<!'-) /'’«</• *3, P- 340- 

HyilToyi'u X • I' 1 

-trU-al (Xote.) Lend. Elec. Engr., April s-, 

iA, Ii4lrlh.) 

^J’y,j,„.trinv>tUuU Uf 8<.a^^ Bubblua. /.<W. .E/rr»., April 20 , p. 672 . 

Saumh.ni' bUfhUiUnr tluurd. (111.) J.omi. Elecn.,.A^n\ a^.v■ 

P,„t.«Hb.u i.f HuU.Uujia from lAghtning. April 21 . p. 

nut. tnhvri f. 

Tlu, Prul.H-U.m of HuUdUma ttonx Lightning. V. K. ... 

‘ *’ ' u 1 K,tUn.i-y liuilding Md. Lt Ht., April 26 , p. 4>x. 

"" mil hrlladcs. and as to the necessity of a 

1 , ' ,!L,u..il iilK-i in .noist Kround. 

Mnhwrnlosfy- ‘'O' ■'J/Xtvi’ions mi *e Summit of Teneriffe. 

. I » ihl-nter- N V- Elcc. Rev., April 28 , 
Elnctrht Mulat Air. JU-Mdtla, 

. rt Allen xia 2 en. St. Louis Glohe-Eent.; N- 

Ehictrh-Uy n.Jd Tnr.uMlmrt. H. Allci 

, ,v ... A,...' Apmp. 

AcUim of Atjmmphorkt KUit-mo y 

I 7 t. , ,, , Kditning.” 

ii- ■■ ... 7 ?/.. A..-, April 27 . p. 448 - 

A Now Frlfthmii.l Mf*.«hln«. U o<-) 

(•liiilhuiv i ^ ^ the Static Sparfc 

fur lUHtiMlWMO'orti* lUumlt ;Roy. 

A»„.,>u..ri« M-mi-'r- IS”" - 

M‘->- ^'i"* d _ April 13 , P- 338- 

ProtlicUun of Wirt*. (Note.) Centralblatt. fur Elek.; Blec. 

A N,m ^ ' 

W'mld. Apiil 1'- ^ (Gilbert) 

mL2. a™.b..u..p. a»i 

A„ teimm-.it ...Heutretiw^'Kmf, <>i r 



INDEX OF CURRENT. 


[June, 1888.] 


Aerial Wires. Eng., April 6, p. 344. 

Letters for Learners and Unprofessional Readers, (m.) H. D. 
Wilkinson. .ffto., April 6, p. 595; April 27, p. 689. 

Difference of Potential and Electric Current. “Zeta.” VVejt 

Elecn.y April 7, p. 172. 

Adrantages of Electricity for Railroad-Work. Sdena- Anril 27 n 

200. ’ ’ t P- 

The Radiograph. I,. Olivier. Comptcs Eendus. J.ond. Elecn., April 17 „ 
637. i p. 

An Improved Electrical Speed Indicator, (ni.) .V,/. Am.. April 

28, p. 259. (Fred. W. Schlepegrell.) 

Electricity in the Service of Man. MJ. It. nt., April 5, p. 380 

(An elec, entertainment, Newton Centre, Mass.. lecture l.v Mr \ ’l 
Rohrer.) . • - . 

Large Switchboards. (Note.) U>ui. Ehr. Eev., April 27, p. 448. (in.) 
Land, Ekcn.^ April 20, p. 654. 

Safeguard Against Shock from High Tension Currents. (Ill.) 

Aiiril 7, p. 179. protection of Linemen Amiinst 
hhocK. (Corr.) April 21, p. 200. 

Metallic bracelets and Icglcts for shuntia|.i- a part of the cnrrent. 

Maturing Wines by Electricity. E!er. U’orhl, Ajiril 2t, p. not. 

Prices in America. (Note.) A'/r,-. A.//-;-., Ap.il 13, p. 339. 

Australia. (Note.) .SV.Aor JAovr.W,- /A.vvi/,/,- A'/,.,.' ^nril ,3 

P. 340. " ’ ^ 

Sir Humphey Davy. (With Portrait. ) /.,md. A.Av. .Engr., Ai.ril 20, p. 371. 

Electrical Images. E/,;n., A|)ril 14, p. 1S3. 

piasfe obtained, for example, wl.en a piece of ,. iass se,.arates a sheet of tin 
foil and it coin, and the metals are eonneeted to a frictimiai machine. 

The^Holroyd Smith Magnetic Separator. (III.) hulusi., Aiiril 13, p. 
Ijlectric Rifles. Jdtg., April 13, ji. 3(19. 

Electricity in Medicine. a.'/cvi.. April 27, p. 684. 

Electricity and Surgery. (Not.-.) /■/,;■. AV-,-/., April 6. 1,. 37,. 

Magnetization in Steel Bars. /,W. AY,-,-. AV-,-..- ;/ «/. A.Yer;,., April 7, 
p. 177. ’ 

Practical Uses of the Blectro-Magaet. /'//fs/fwx/t /'rcvr • av/ /w 
April 28, ]). 260* 

An Electro-Magnet that can Pick Up 800 Pounds of Iron and 
Cany it About. Pimlrnrgh /Vr,v.v,- A’, r. Elec. AV?-., April 28, p. 3. 

Tubular Magnets. M. E.-nest (h-rard. de 4. ,SVv. Eeh-c d'Elect ■ Klcc 

ll or/d, April 7, p. 175. ’’ . , - . 

Kloctro-Magnet. Ceo. M. Hopkins. 
(Ill) Sa, Am., April 7, p. 214. ^ 













KI.KCTRICAL LrrKKATURK. 


X V' ll 


The Copper Sjnciicato. : x, y, /(Xe. AVv'., April 14, p. 6. 

Copper, /■*" Apiil 5, |i. 407 ; April 26, p. 461. 

Reform ef tho Pat^ait Hyuimn. AVW. \\W/a\ April 14, p. 186. 

An larentor’B Notions (III, runj j. Ki,ss. /W. AAr. AVr/., April 
27, p. 4 ''-^' 

Limitation of IJnitaci Buam Patents AVW, l/'V/r/*/, April 21, p. 199. 

Bills Pr<)pose<i hy tho Lopal Coinmittee of the National Elec. 
Lt. Assn, in tlnhr PhTorts to Reform the Patent System. 
J/,/. It. r- iit . \|nil 12, p. 4uu ; April it}, y. 439; A*. V. Elec, Rev., April 
14, p. M EX ff., April 14. p. 1H7. 

Blectriral J 4 npim,ie;rin|r Tufts College, A. \i. Dollxiar. Pear. 

R/c(., .\pn!, p. 2 i 4 », 

Electric Fhonoimuia l»rt.>Yokod by Radiation. .SV/r//o', April 27, 

Fh(:>tOch'ronoB<,*(>|>i<* MiU..hotl c»f M, Hermitf;'^ fNt^f.) Lend. Elec, 
iitiyr., April p. 304, 

ContacM. Plio(‘tx*icIty. (Nttit- « loud, r'iee. /',>9;r. . April 20, j), 363. 

On th(^ lOlecirtt Oiainitions in the Plight of Birds. (1. I’. Hachcn- 

<y. Rt'r., April ;‘h, p. ;•. 

On thi' Conriucii Idlity of a Yitcuum. (M, I’orppl in .t^i//ale.s' de // 7 r- 

drmenti.'s V, 1 \ /sV., a’,-;-, April 21, p. 1, 

Induction. Il.tl. ^ A', r, AA, , AVr., April 14, ].». 4. 

Prac.tical Anaiogieri between Meciianlcal and Elioetrical Engi¬ 
neering'. fin } fr M, IbnCrr, Ide . IVerld, April 7, |». 177, (Corr.) 
A{vn 1 2f, p. lo'A 

Kirciio'ff'H Law's and their Application. (Ill.) K. (*. Ririiinglori. 
(roivlM fr'tiiu |» ‘',4 2 > i ofid, AV.",,, April 0, p, 3(0 ; April 13, |:r 3HH. 

MtiliMti ol <*12.101119-. ihr- f !t(4wr<*ii aiiv twt» jioilils. of m network, 

(I MH' t' < 1 a . |- Irnoii-’: \ 

Magnetic ReHifitancm mis I'. H. Mondni.iii I end. Klee, AV*;., April 
a, p i" ,• ( ' ^-.oiltonir A|»ol 2“, p. 4 v;!. 

On the Ilen4dug hdfecOi of Klectrlc Currents. \N". 11. I’reece. Lend, 

I o ^ i: , A pel P v ’ ' ■ 

I'bniting of* Wirtoi bv 1410011*10 Currmits, Indji^C: Ibov/. A'Avv/., Ajrril 

7. p.. rr; 

Tlie Htnd.iijfj PUTocta of I 4 let*t:ric Currents. Indnst., April 27. }'»• •132. 
On ;r (Uatis Coreieuaro*, I. I .t‘r{«!.uiJ4n, lend. L'Xn,. A}:>ril 13, p. tK|4. 

titdsi l-Li.i 

^.Phe Variation of itio Cjoe.ll 1 idenlB of Induction* ( 111 .) W. E. 
.SuuipiuM PilV' ’ <H /*?;.,* /AV. AV- April 2^*, p, 43‘d It^nil. LJeen., Ajrril 
27, p. 713 ; /r’#;./. Id.. AAoo- , Apol 2i*, p, 30*}; A 7 n;., April 20, p. 3<)7. 

The ■Iljpotheiils erf Potential Knergy. Xtenw, April 27, p. orfe 
(Potl A ^ P.rP, \'.»t \f:,;ifirirn'I 




INDEX OF CURRENT 


[June, 1888.] 


xviii 


Electrical Stress. (III.) Prof. A. W. Rucker and C. V. Boys. Soc, Tel. 
Eng. and Eiecns. Lond. Elecn., April 6 , p. 599 - 

Gilbert’s Fables. T. C. Martin North Am. Rev., April, p. 405. 

A sketch of the practical developments in electricity since the first exhibition 
of the Morse telegraph in 1838—a period of just fifty years. 

Tbe Dawn of Electricity. Park Benjamin. Forum', April, p. 178. 

A very interesting sketch of the career and work of Dr. William Gilbert, 
author of “ De Magnete.” 


MECHANICAL, &c. 

The Manufacture of Scientific Apparatus- (Ill.) Sd. Am., April 
28, p. 258. (James W. Queen & Co.) 

The Radio Micrometer. Lond. Eke. Engr., April 13, p. 339 - 

The Popular Screw Machine. (Ill.) N^ Y. Eke. Rev., April 14, p. 10. 
(Garvin.) 

Curtis’ Damper Regulator. (Ill.) Prac, Eke., April, p. 205 ; Aid. Lt. d"® 
Ht., April 19, p. 441. 

Windmills as Sources of Power. Aleck. World; Prac. Eke., April 
p. 202. 

Williams* Compound Condensing Engine. (Ill.) West. Ekcn*, April 

7, p. 171. 

The Griffin Gas Engine. (Ill.) Lond. Eke. Engr., April 27, p. 392. 

Reheating Steam for Compounding Engines. (III.) Eke. World, 
April 21, p. 202. (Levi Hussey.) 

Independent Engines for Incandescent Stations. (Ill.) Wm. I.ee 
Church, Nat. Elec. Lt. Assn. Lond. Eke. Rev., April 13, p. 394. 

Non-Magnetic Watches. (Note.) Sci. Am./ Lond. Eke. Engr., April 
27, p. 389. 

How Can We Protect Our Watches Against the Influence of 
Magnetism? P. Lange. Lond. Eke. Engr., April 13, p. 357. (Nat. 
Elec. Lt. Assn.) 

The Waltham Kon-Magnetic Watch. (Ill.) Sd. Am.. April 14, p. 232. 
Coal Tar Products. G. S. Page, Boston Elec. Club. Aid. Lt. dr* Ht,, April 
5 , P- 385. 

Standards of Length and their Practical Applications. (Concl’d.) 
G. M. Bond. Aid. Lt. ^ Ht., April 5, p. 387. 

The AdTantages of and Methods for Testing Engineering Sup¬ 
plies and Materials. W. O. Webber, Boston Elec. Club. Aid. Lt 
Ht, April 26, p. 465. 

Machine Designing. John E. Sweet. Jour. Fhln. Inst., April, p. 278. 



I. 

11 1 ; 


Cloud J • I■ .V 1' / ■'<-•. A’fv , May 5 , p. 5 . 

1“ <4i»MKlrni>lii* 'ri*Un|r«H»l»y. (Ill ) M'. Mavcr, Jr. 

hit,. IV.-'‘-i !■ May »*(. !*■ 11. May afj. p. aW«. 

Long'IMiit«.Hfi» TnUtgruphy. /I -V.. . M..v »h. p, .pu; avi'. Am., 

May p ill 

9 ynohrttni»ti» MtrHlpl.** 'Mt^ftnphy. 11 (nmi Itanisti.) 

Paul U < ■■lit . Mj) iy. p. >**■. 

The AUitr hHiiKklUJHf t'S„tt s JiHtltiiH ■/. hhh.fruM; Umt. 

hltf. i It. M.»V J. }'■ 1". 

Tlio YwJ Hy«»mlb<TiilM« HwU)M»rtii«d. /.mmtl •/'«•/<•,t/w- 

fiiii/ti. ; /.ii.V I . M-*y P 

KlectrSrikl (‘iiminuni.'ialnii tut «*ur h'l-V .’iwi. hhii.. 




M»y p h;. t '( 

COMIt :■'<> .' .V. May 11. p .ivt tl'iitlwiin-imify In- 

Eleotrii-al ('.ijitiiimtifittiMn itl Hun l- ti.f, / .V. AV; ,, M.it p. 47 :'' 

Teksiimpldo (;.,Hu>»iii(b-itiUin Jiuiwuiui nhliiii intd KnplaJtd. /«- 

\l.n u, 1 ; 

Anglo Atitoflfitu 'rol.nir»M»n Ho. tI4«itU<*d< tH. Ixi t'ompiHfniO 
Kmnottlno <lu **•* n N»v» YtirK. /.W. hhn., 

M 4 )‘ II, U. 4‘b 

Thu 8 ul«ll»trlfill 4 l^w. irmi. /•■.w-r##.,* St. p* SS, 

TeUtgrnphio (loi.tJi.ti.tU-ntSot* wW. tlw miltipptn.* Mamin. /« 

I*. 

The Now Cal.lit Hum.oHlitp '• Ambur.” til! 1 /.W. May 4 , 

p. 747. 

IxjKim of TulogranhUt Wins Ml**. May »i, p- 4 . tM"lc -3 





ii 


INDEX OF CURRENT. 


[July, 1888.] 


On a New System of Survey and Construction for Railway 
Telegraphs. (Ill.) Arthur E. Gilbert. Lond, Elec. Rev., May i8, p. 534, 
(Corr.j G. A. Neale. May 25, p. 584. 

Durability of Hard Drawn Copper Telegraph Wire. N. Y. Rke. 

EngKj Lend. Elec. Rev.^ May ii, p. 503. 

Tests for Earth Resistance of Telegraph Dines and Dightning 
Conductors. Land. Elec. Rez'., May 4, p. 496. 

A Michigan Telegraph Dine. Elec. World, May 26, p. 268. 

The Death of G. M, Phelps, Sr. (With portrait.) Elec. World, May 
26, p. 268 ; West. Elec 7 i., May 26, p. 257. 

Some Telegraph History. Century Mag.; N. Y. Elec. Rev., May 5 p 6 
(Alfred Vail.) 

Co-operation Among Telegraphers. T. C. Martin. Elec. World, May 
12, p. 243. 

Gives statistics as to the saving and disbursement of about $500,000 among 
operators in various insurance and co operative movements. 

Western Union Figures. West. Elecn., May 5, p. 220. 


TELEPHONY. 

An Improved Apparatus for Examining Ores. (Ill.) Sci. Am., May 
12, p. 291 ; Loftd. Elec. Engr., May 25, p. 482. 

Use of the telephone in connection with metallic brushes or fingers. 

Instrument for Testing Telephone Transmitters and Induction 
Coils, (Ill.) Elec. World, May 12, p. 242. (Hammond V. Hayes.) 
Apparatus based on the principle of the Plughes induction balance. 

Practical Telephony. T. D. Lockwood. West. Elecn., May 12 p 24.0 
(Cont’d). ^ i^ . 

The Use of a Dynamo in Telephone Exchanges. (Ill.) M. Y.Elec. 
Rev., May 19, p. 7. (Dyer.) 

Experiments on the Blake Contact. (Ill.) N. Y. Elec. Rev., May 5, 
p, 8. (Patterson, Am. Academy Arts and Sciences.) 

The Telephone in Wheatstone Bridge Measurements. (Corr.) C. 
H. Richardson. N. Y. Elec. Rev., May 5, p. 7 ; May 19, p. 6. 

The Stocker Box Telephone. (III.) Land. Elec. Engr., May ii, p. 448. 

I.ong-Distance Telephony. (Corr.) J. O. Fry, Land. Elecn., May 4, p. 

762. (Corr.) J. O. Fry. Land. Elec. Engr., May 4, p. 418. Lond. Elec. 
Eev., May 4, p. 493. 

The Water-Jet Telephone Transmitter. Land. Elecn., "May 18, p. 45. 

The Measurement By the Telephone of Residences Kot Rree 
from Induction. Land. EUc. Eev., May 18, p. 536. 

The Rise and Progress of Telephony in the United Kingdom. 

(Continued from p. 689.) Lofzd. Elecn., May 18, p. 41, (Corr,) May 25, p. 



July, 


i I » J fill Al. l,{ 1 IvUAiX'Kl-, 


T6lep}>"«''« i'‘ »t>*' Hiv.u- PliiW. M,,y |, 

Anothi-r Iiup.trtfuit r. A 7 ,v. Me 

( \l». 1>'A Irl. t '...A'fhr! ri 'irl. r.] 

Th«i IVh^phniHi Ihtrliiifui tuUirpn^imi, |, AVr.. May k n i 

Jud«nM>iit i,r th.. Crntrl .*f th.i UiiU.id StiUws in th« 

T^ltipljuno App.tfUii, (I ..n.r.! u,i.i l.mJ. /•/,■,;>., M.«y 4. 

ClraphupijHiui In ;-■■///.. May i, |i. 481. 

mo Fhun.iumi.h ir: }: 1 ♦..SliUu i, \ V, i;w. a„!i, /-k,-. HWA/, 

1 ‘ ■ ' ■ fff. i;, . 3 »,; Sr,;}. ilhtn.. May l% 

-■I’-: ' * ' ■ '!-* -'-i. i' > : Si.,vat, .•■t;; 7’w. /;7rt.. 

M 4 \, I' .*.* 


FTO 0 ri‘m 4 «*r lh*» , May |n 

VialtH to Uii> ni tlto KltnMrii* Club.—Thtt Phono- 

grtipfi **inl I". .,;,V: , M.rvH 

IfiitriintiiiilH fnr Spncsali. ,v»nwy*-*, 


I I l'» I lib |.|t»IM 

Thii N*iw Kitifliiiiii K|«n.«irln ICianhiifiiri*. ij, A/ //i. May v\|, 
FIfii luiii I 4 ii« liirtlifi III Aiiinrlnun I 4 |fhl lii»talIatiori«, 

M.*:, . I* |r:. , 

licmdnii Fir*' tilitllMini, ■M.,v i-i i* fSny 'frl 

I iiyi . ^ ■■ ■ ' 

Tlw liniiifluii Mf I 4 ||h.llim In Firii S. I*. 

FaiiMii, ,. „ . ff, . ^ j, i'. I,., ■<'niiwmininl 

Thii liiitkii nr Klr«* Iimithniitil in KInrirIn l 4 |fhUr*||. llll,, W, IF 

FI an. I y-n.- / , M*n' p. May 

P ‘It- » . a.” M..', t'», i; : \|a|- 1^1. /iw/. /‘/iTv 

V ’M. , n • -I /-a;. \\ 4 S f.H, 4Hn. t;Miisiart, 

‘ M.n na p. 1 ^ I',, .y |:^ M.ri iH, |i. f,r^, 

NiaiMintl Klnrliin tatihs Jid. iJ, n?-*///,. May n*, 

{* 

Ilruiiiiiinrn, Clnw wml Um JUnnlrln l,4||ltl, Md li, C-' iit, M;yi F |y 4 HS, 

Thii Fulli'y nf ||in« i’Miiii'niitlnw »•'» in Klu^trlo Light- 

lag. i \\ i t \ , y I- f /. May, |r'ii7. imJ, 

t _ M , 4 ., I ,, 11 

*1111* Ktiliirn Frnii|nH‘t^ nf |tn* <lii« Iiiiiirilil-i* Wmnl, A\ l\ 

/'/n, / , M4\ n* 'I* I f. I 

BliHHirin Ligliiiii||, /o-*ia,,. /'fiy.#... tlav 4, g, 4H., May ti, 

I*. 






INDEX OF CURRENT Quly. ,888.] 

The Electric Eight and Gas Companies. (Note ) Land. Elecn Mar 
ti. p. 5 . ^ 

Loud. Elecn., May ii, p. 4. (H. M'illmott on 

Billiard Rooms.) 

The Application of Electricity to Lighting and Working. W. H. 
Preece. Lecture I. (Cont’d from p. 693.) Land. Elecn., May 4, p 736- 
May II, p. 9 ; May 18, p. 41 ; May 25, p. 83. (Juvenile Lectures ) 

Elementary Testing Suitable for Electric Lighting Systems. 

(Ill.) Thomas Gray. (Cont’d from p. 296.) Land. Elec. En^r., May 4 d 
414 ; May 18, p. 463. ’ 

The Edison Glow Lamp Patents. Indzict., May 4. p. 452. (Confd 
from p. 428.) May ri, p. 476 ; May 25, p. 525. 

In Favor of the United States Company. Elec. World, M.ay 26, p. 269 
Decision by Judge Wallace in the Edison suit.s. The Judge practically 
declines to interfere, compelling defendant to an.swer, and leaves unchanged 
previou.s rulings to the effect that American patents are limited by the terms of 
like foreign patents. 

Important Decision in the Edison Electric Light Suits. Sci. Am 
May 26, p. 320. * ' ’ 

The Decision of Judge Wallace in the Electric Light Suits. 
iV. V. Elec. AVj/., May 26, p. 2. 

Edison and Swan Electric Light Company vs. Holland and 
others. (Cont’d.) Lend. Elecn., May 4, p. 738 ; May rr, p. 14 ; May 18 
p. 49 : May 25, p. 77. l^nd. Elec. Rev., May 4, p. 480 ; May ii p 5,3 • 
May i8, p. 539 ; May 25. p. 563. 

Hew Devices for Series Incandescent Lighting. (Ill) Md It &•’ 
m., May 3. p. 486 ; W. Y. Elec. Rev ., May 5, p 8. ^ / A u- 

Incandescence Filaments. Md. Lt. I/t., May 3, p. 483. 

The Seel Incandescent Lamp Filament. Elec. World, May26, p. 267. 

The Schuyler Series Incandescent Lamp. (Ill.) Elec. World, May 
19 , P- 257. ' ’ A 

The Hew Bernstein System of Series Incandescent Lighting. 

(Ill) Elec. IVorld, May 5, p. 227. (Bernstein IHec. Lt. Mfg. Co.) 

A New Iixcandescent Lamp Socket, (ill.) West. Jileen Mav 12 
p. 232. ’ ’ 

Experiments in Static Electricity with the Incandescent Lamp. 
(Ill) E. E. E. Emmons. SH. Am , May 19, p. 308. 

Incandescence Filaments. Land. Eke. En^n; .V. K Elec. Eev., May 19 
p. 3. ^ 

The Haynes Double-Pole Incandescent Switch, (III) d/, Y. Eke. 

Eev.f May 5, p. 6. 

The Maximum Efficiency of Incandescent Lamps. (Ill ) j w 
Howell. Am. Ins. Elec. Engr.s. Zond. Elecn., May 4, p. 754 ; Land. Elec. 
Z.ngr.. May 4, p. 425 ; .A' V. E[,r. Engr, May, pp 203, 229. 











iJuly, I"-''I 


I I f’t 1 HU’AI, I.ITHKATl'KK. ^ 

On “FlaJihSntr" VilMmmts at Different Temporaturea 

,111 I >, AV..., May 4 ,,h ; May p. ,0..; 

May :|k ; .u* ; 

Carbona for Am Diuupn. / /'w. JiW,,', May 5, p. 227. (Hardt- 

inuth,) 

DiiiKnwinijH <.r Ar« tbirhonn. AV; s' /a-,- nw/./ M-iy ^ 
Tlitt Hill KbictrU- lAMbtlng Apparatna. UII.i HVff. Eleai., May 12 

E. M, F. «>f llm Vitliair Are. V. /uk’. /»Vr.. May 26, p. rj. 

Tlie KltnMrii’ui W'urk tif W. S. Hill fin.i ,„\y r. h'kr AV?- 

M:n v.\ |». 

Van Now Kloolrlo lAphUntj Syatoiu. (Ill.) Ifat. Ehv,i. 

M.iy p. 

Soan-h lApht!! with Autumatlo Komi. tNot.-.i v«., May 4, 

p, ';(M, 

Slllipb* Arc llopullUi.r. En!;r., 

M.iv u. p i p.' f ,: 

Hlph Hi<ttliiliuu‘o An- Dlpltt Carljoua. (Nnt,-.) A/,... UWIJ; Lomi. 

. /iV; ,. .Mil,' . 'pi, ..i'Pi, 

ChiaaM'* ^re a'lel Ftnv^^r (.k>in|>.aay Contra! Station. (111.) 

lIVi/, / I-.'-;,. Miti- .. p -rp 

C'Cintml Statiioi. l 4 ||hii*MI Aniorlea. Imii, Kkc. A*m, 

Mav H. p ‘ t I’I 

Eloetrie lAghl ln«iallallt.in at tho **Scotiraan'* O'fflcea, (III.) 

hMtiJ., M.l', t . p I 

Eloctrle I 4 ||hi in tln» Bvioii Canal /aA/n/., May ii. p. 481. 

t'l' l'|r»iru»,ii W.i.,Ars, Mlty i pi €=i..h,;4 

Kiocirle I 4 ||ht IniitallallMi'i at llainbitrM AVka.i May 12,, p. 232. 

Hloetrli* CIghllnif in tin* Hanttwieh. liliin'd^* Md, It Imd. 

Miv r*. p :,r:'* 4 /./ Mav 3, p. 484; A'. K, AAr. AVr., 

Mu ^. I*. 

Tlio Kioetrie uf Mnm. I-mi, A'Ai'w.* .May 25» p. H(i. (.A!j.s. of 

fHiripJi |i4prr. Ilr... t, ;;V. 

Prof. Blyth an Wlinl Ibnvur fur Klortrio Lighting. (Note.) J'.md. 

/■N. fJ , I ^ p ih , t 

Cr-»??!-»■■% ,1 *n4?i'4j * 4 ns'a|»r li.atlrrb*» liv which wind power is 

uiili.i'd f** 'Npp>, wpJi Iru 8 r. p. lamps. 

Coiitml Hint Inti Llifhtliig In Ckiriiiany. (N*,4e.,) Imkl /ike, Hev,^ 

MtV' l-\ |:.». up,. 

Liagram uf Fubn^ nml Prlirato lAghtlng la Borlia. (lil.) Kil- 

lii4pu»Hh iir, 4 p"', /.■«,/ / /,%. AV,'-., May it* p, $i:i% 

Lighting ^rrahifi by Lamp^. /mimt.; Ibest. liken., 

May k p 22;, 



vi 


.INDEX OF CURRENT 


[July, 1888.j 


lilectrically Xaghting Railway Stations. (Note.) Lond, Elec. Rev., 
May 18, p. 545 - 

Central Station Lighting. Transformers ys. Aconmulators. (Re¬ 
sumed Discussion on Mr. Crompton’s paper, from p. 698.) Lond. Elecn., 
May 4, p. 749. (Soc. Tel. Engrs. and Elecns.) May 25, p. 88. Lond. Elec. 
Engr.., May 4, p. 428 ; May ii, p. 451 ; May 25, p. 500. Lond. Elec. Rev., 
May 4, p. 489 ; May 25, p. 577. West. Elecn., May, 5, p. 225 ; May 12, p. 
240; May 19, p. 251. Science, May ii, p. 226. May 4, pp. 452, 

455 ; May 25,'p. 518. 

Electric Lighting from Central Stations. R. E, B. Crompton. Lond. 
Elec. Engr , May i8, p. 474. (Soc. Arts.) 

Electric Lighting from Central Stations. (Ed.) Loftd. Elec. Rev., 
May 25, p. 557 ; Eng., May 4, p. 438. 

jin Early Inventor in Electric Lighting. Fall Mall Gazette'; Sci. 
Am., May 19, p. 308. 

Intensity and Consumption of Different Sources of Light. .Science, 
May 4, p. 211. 

Petroleum, arc, incandescent, magnesium. 

Address by Mr. Frank Ridlon before the Board of Trade> 
Woburn, Mass. Md. Lt. lit., May 24, p. 554. 

A Unit of Illumination. Lojtd. Elec. Engr.; Md. Lt. & I/t., May 1:7, p. 529. 
Photometry. Lond. Elec. Engr.; Md. Lt. ^ lit.. May 10, p. 508. 
Cunynghame’s Magnetic Cut-Out. (Ill.) Elec. World, May 26, p. 267. 

Formula for Wiring. Elmer E. E. Emmons. Elec. World, May 12, p. 
241. Lond. Elec. Engr., May 25, p. 497. 

Testing Electric Light Circuits. (Ill) Al V. Elec. Rev,, M^ay 5, p. 10. 
(Rudd, Chic. Elec. Club.) 

Artistic Fittings. (Ill.) Lond. Elec, Engr., May 25, p. 486. (l-aing, 
Wharton & Down.) 

Diagram Showing the Si2J9 of Conductors for House Wiling. 
(Ill ) C. II. Crockett. Elec. World.; Lond. Elec. Engr., May 18, p. 465. 

Double and Single Barth Wire System for Electric Lighting. 
(Ill ) J. D. F. Andrews. J^ond. Elec. Engr., May ii, p, 438. 

Switches for Connecting and Disconnecting Lamps at Various 
Points in the Circuit. (Ill.) Lond: Elecn., May 11, p. 20 (United Elecl. 
Eng. Co.) 

Westinghouse Fittings Exhibited by Prof. Forbes. (Ill) Lond. 
Elecn., May 4, p. 752. 

GilTs Electric Light Switch. (Ill. Note.) Lond. Elec. Rev., May i;x, p. 

523. 






, , 1 l.l.iMKUM. i.li'KR^l'UHK. vii 

[Jul). i 

I l\’ N **'» V r* i t - ■"‘liI I Knit; IH)S, 1*, 11^. 

The Uyimnin. ■..■ «>.•. NRiV .|, p. v:iy. 

Fifty KlU'watt R-.tY..uMhaw Uynaruu. (111.) Must, May 

y, t' ' . .. V- *; M)‘y p- 

'* ' v) !•• ! '• .’- li- '■•• ''li,;:!!'' !'■ ''(ttiii Iv I'lii-pisfii witliiii tlif tlyiiamo; 

Cat!. ' r'li.'-.-i.- -s.-.ii,; 1;: .111 ann.iinri-t4 C.i'.iminc type, admHUn!: 

T1,„ ..ih." l>yuiu»... iir. :» Mu^t. M..V I'S, p. MJ. AV. AVr., 

Matin'r IIIII* I’liiti’i' i 

TliH''w...t...'U"ni>'' H.'ir Dynamo. /•:Av«.. May 

, , , *' ^ \i,*v ^ ‘ /*■’*''» ^*‘^y ^ p‘ 3‘ 

Tlio WatorU'iuiio lio-aii.io».-<.ut Dymunu. ilU,! M"., .May 

I'l. p •■l '. 

ANovoI !>ynuiuo itiul Aom-imorioH. (ill.l /.V.. RVo'.i'. !>• 

my. lli.i . 

'nwNo. 1 I’latliHI Miu- 1 iIih>. ilii.i A'..; . / .v<.. M.w. p. rpi. 

A New JiKlurtorliiiii. ‘lU i -l.'a' /‘ A.'.-. M.iv 17 . !'■ n"'*''-' 

B*pori«Hmt,., on Imluotion DoUh. !»■ 

T Itin.i.sn.i.ii ,m! i.id"-!! . il 1, M.p i»), 

Ti... T.,,.,, ..■ 

siatliilf (‘tirronfti. n.« * *■ ’ ‘ 

ih, p ; /.'«•■• •' •■■■■ '■ !*' 

AN,.w ..• “'‘.’'“r'r"': 

Hv m.-.oa. .4 (In' .. .i(,i..i,..o. .n .a no. ..lo oulin): la l•^'.•I'-.pla.x'ii h) .i nuaitu 

p!,,. Ihr p'...'.. r.i.,r...lru« -.1 .1 0 . 1 . 11 . 14 ; lirl'l ol'la.n.-'l. 

.. * , .jM. , 14 Mrmii'iK. t’rcaii 

Hotoa u« i ^ttrnnii^* iH* ^ !• ' • 

/'‘t?,/. 4. I'- 

ANow Altorimtlntt UymtiuM. {Smi.'.) A/.., M y 

A 8tu<Iy or A!iorn.ahHr Gowimtort and Beeeiwa. (lU.) 

,w.M.n .t.-vmlMiy. N". "f 

The ContinuouH Durront. Dimitod. v«. f 
ITnllmUml. Dr,). Ciilii.t.« h"'. i lw. i nm 

* *». and ContlmtouB Current 

Comparatlvo Yiilno of th« Conrnrte _ riub.) E. •’. 

SyalomH of KlortrSt-al Diatrihution. U Jnc. Wn. EU,.) 

Wmiir, \ 5‘. / .M. A. Miiy. P 


viii 


INDEX OF CURRENT 


[July, iS 83 . 


Alternating ts. Continnons Currents. M. M. M. Slattery. (Chic. Elec. 

Club.) N, F. Elec. Engr., May, p. 220, 

Continuous Current Transformation. (Ill.) R. Percy Sellon, Lond. 
Elecn, Elec. World, May 5, p. 228. 

Continuous Current Transformation. (Ill.) R. Percy Sellon. Article 
II. (Continued from p. 624.) Land. Elecn., May 4, p. 733. 

Edison’s High Economy Comrerter System. (Ill.) N. V. Elec. Rev., 
May 26, p. 9. 

Self-Induction. (Corr.) W. E. Sumpner. Land. Elecn., May 4, p. 762. 

Variation of Coeffleients of Induction. Science, May 18, p. 238. 
(Sumpner.) 

Induction. W. E. Sumpner. Sci. Am. Supp., May 19, p. 10,319. 

Cost of the Production of Electric Energy. Centralblatt fur Ekktro- 
iechnik. May 19, p. 309. 

The Direct Optical Projection of Electrodynamic Lines of Force 
and other Electrodynamic Phenomena. (Ill.) J. W. Moore. 
Sci. Am. Siipp., May 5, p. 10,286, 

On the Proper Shape for Armature Cores in Dynamo-Electric 
Machines. W. L. Hooper. N. V. Elec. Engr., May, p. 201. 

Data for Winding Coils. (Ill.) Schuyler S. Wheeler. N. Y. Elec. Engr., 
May, p. 196. 

Includes a table of spaces occupied by wires of different sizes, with single 
cotton insulation, together with data of the copper. 

The Condition of Self-Excitation in a Dynamo Machine. Land. 
Elecn., May i8, p. 43. (Thompson, Phys. Soc.) (Note.) The Conditions 
of Self-Regulation in a Constant Potential Dynamo Machine, May 18, p. 44; 
Lond. Elec. E?tgr., May 18, p. 473; Loud. Elec. Rev., May 18, p. 555; Eng., 
May i8, p. 500. 

Experiments Illustrating the Principle of the Dynamo. (Ill.) Geo. 
M, Hopkins. II. Lond. Elec. Engr., May 4, p. 422. 

How Electricity is Generated in a Dynamo Electric Machine. 
W, S. Hill. Md. Lt. ^ Ht., May 24, p. 547. 

The Turbo-Electric Generator at Hewport, R. I. (Ill.) Eke. World, 
May 19, p. 255 ; Science, May 25, p. 247. 

The Clarke, Chapman & Parsons combination of a steam turbine or rotary 
engine directly with a dynamo. Speed of from 9,000 to 10,000 revolutions 
per minute obtainable. 

A Practical Method of Calculating and Designing Dynamos 
and Motors. F. B. Crocker. Rrac. Elec., May, p. 230. (N. Y. Elec. 

Soc.) 


ELECTRIC POWER. 

Electric Motors and the Steam Engine. Am. Machinist; St. Ry» 
Jour., May, p. 129. 

The Electric Motor in a Neiarspaper Office. (Ill) Md Lt. Ht., 
May 31, p 571 ; H. Y. Elec. Erv., May is. p. 2. {Post-Dispatch, St. Louis.') 










l I.KCrRlCM. LITERATUKE. 


jIUi Electric Piuup. HU. ) /uV,, NV-r.j', M;ny ii>, p. 257. (Hall,) 

Cotton Printing liy Kiectric Power. (III.) Must.,- Eke. World, 

May H>. V- ' . , . . , 

Matiin VUi luotur ‘.lunvn at Mandu-styr (EngJ Exhibition driving a large 

coh>r jnintiuj* inat-hinr lur ralia* workh. 

The KUtctric Motor in 1840 . Em. World. May 5. p. 221 - (Patent Office 

Kcpoit.) 

A Wttatern Flour Mill Oporntod by Electric Motors. ( 111 .) Eke. 
ll'.ifld. M.iyj';,. 1>. -•.•s. (l.iMiiiif. Wyo. With Sprague motors.) 

Electric IncUi»«' Mining Holst. ({'«/. Ekcn., May 26, p. 265 ; JV. Y. 
Eki. AV.".. May 2tt. p. i. 

Motors ami AHornallng Currents. (Ill.) Elmer A. Sperry, West. 
Ek.n.. M.iy .'U. t*. '.‘(.t. 

A Conuuutatnr for tho aimpltt Bioctric Motor. (Ill.) (Corr.) G. J. 

:■ -I”*-. Mav jt. 

Pumpiuil i‘y Klorlrh-lty. V. 1 ', / .A, A’.-v., May tp, p. <> 

Photmi*. Huliaing Motor SysUuu. Ek.n., May s, p. 220. 

Eloctricltv for Im-roiiHlng tho Tracllvo Adhosion of Locomo¬ 
tives and Motor (tars. /,,■»./. Eke. E,r;r.. May iS, p, .IH i P'«r. Eke., 

May, p. (Ea"' 

Bioctric Traction Increasinii ( 111.1 .SV, AV./mo-.. May, p. lU). 

Eloetrical Htreet Ilailways in England. .sV, Ey.Jour., May, p. 121. 
BltK'.trlcity Hoes tlie HnslneMB. .St. Ev. Jour., May, p. 127. 

Eloetrical Traction. Ef. Jour., May, p. 136. 

Pullman Electric Railway. .V. E\\ <m:,. May, p. t» 2 . 
witippie’s Hmlergroun.i Conduit tor Electric Railways. (III.) 
.SI, Ey. I At M»'. )’ 

Eloetrical Locomotion. K.uii iii!'- Ward, l.imd. Eke. kov,; St. Ay. 6 a-., 
Mhv, p. 

Electric 8tnml Cars Ui Ilaltintore. ,V.(V«,r, May n, p. 227. 

Tint Anmmla, Herhy ami Birmingliam (Conn.) Electric Street 
Railway. Md. ‘ Ik . May :u, p. 572. 

A New Electric Motor for Tramcars. AAr. 1 !'..//./. May 12, p. 244. 

1 “ “ t lut 4I t'tiutp^ny.i 

IUm.I lor mile-, leg. Mpn.itr.l In SpraKUe meters, with .nmluail syslt . 
Electricity 1 «. Place of Horses. A‘. I*. Suu; Sti. May 26, p. 33a 
The Bentley Knight Electrl,. Railway in Allegheny City. (Ill.) 

Ek,\ WoEd. May Oi, i> 2<,>, , .'.VrVmr, M.iy 25, p. -ts. 

•Du* Olmervatory Hill Passenger Railway of Allegheny, 
all. I .\'. y. Eke- k'e.'., M.»y to. p. »■ 




X 


INDEX OF CURRENT 


[July, iSSS.l 


The Sprague Electric Railway System. (Ill.) St Ay. Gaz., May, 
p. 63 ; Prac. liuc., May, p. 229. 

Traffic of the Richmond Union Passenger Railway Co. St Ry. 
Jour., May, p. 121. 

Tracks and Conductors of the Richmond Electric Railway. (III.) 
St. Ry. Jour., May, p. 116. 

Storage Battery a Practical Success. (Corr.) C. B. Clegg. St. Ry, 
Jour., May, pp. 122, 123, 

Storage Batteries on the Brussels Tramways. Science, May, 4, p. 212. 

Accumulators Yersus Direct Current for Electric Traction. (HI. 
R. M. Hunter. Elec. World, May 12, p. 240. (W. Lineff. Abst. from Proc. 
/net. Civ Engrs, London.) 

Electrical Tramway in Hamburg. (Ill.) J. L. Huber. Land. Elec. 
Pdtgr., May 25, p. 487, (Ins. Civ. Engrs.) 

Why is Electricity not Used for Street Car Propulsion ? Sidney 
II. Short. St Ry. Jour., May, p. 114 ; Lond. Elec. Engr., May 18, p. 466. 

Motors for NaYal and Military Use. Lieut. B. A. Fiske. Army 
Navy Jour.; Land. Elec. Engr., May 25, p. 499. 

Motor for Submarine Boat. (Note.) Revue Internationale; Land, Elec. 
Engr., May ii, p. 437. 

Designing Electric Motors. Frederick Walker. Mech. World; N. V. 
Elec. Engr., May, p. 218. 

The Transmission of Electric Power. (Ill.) Herr Coerper. .St. Ry. 
Gaz., May, p. 66. 

Electricity in Mines. (G. W. Mansfield.) Eng., May t8 , p. 476. (Am 
Ins. Min. Engrs.) 

Electrical Tramways: The Bessbrook and He wry Tramway. 
Ld. Hopkinson. (Cont’d from p. 4^2.) Eond. Elec. Engr,, May 4, p. 423. 

Report upon Jarman’s Electric Tramcar. (Note.) Lo7td. Elecn.,- 
May 18, p. 38. (Corr.) A. J. Jarman. May 25, p. 97. Lond. Elec. Engr., 
May 18, p. 472. (Corr.) May 25, p. 491. 

The Short Electric Railway at Columbus, O. (Ill.) Elec. World, 
May 12, p. 241. (S. H. Short.) 

The Short Series System of Electrical Railways. (Ill) West 
Elecn.., May 19, p. 246 ; St. Ry. Jour,, May, p. I13. 

Sprague Electric Railway and Motor Company’s Cars. (Ill.) 
West. Elecn., May 12, p. 233. 


BATTERIES, EI.ECTROLYSIS. &c. 

The Possibilities and Dimitations of Chemical Generators of 
Electricity. F. B. Crocker. Am. Ins. Elec. Engrs. Eke. World, Mdcy 
»6, p. 271 Md. Jj. dr* ///., May 31, p 573. 








JJ,,.,. . l.l.Ei-rUlCAl. LITERATURE. xi 

The SaiuHi.n B.au.ry. Ui!.) /V.jr A-L-,. May, p. 233- 

Iinprovotl E.H-laucl»« Batlury. Ulli AAv. I/V/,/, May 5, P- 226- (C- 

J. Uiiiitn.tJUi. i 

Combinatii.il Cii-.aHti HiiUi>ry and Motor. (111.) A/«-. »V/,/. May 5 . 

p. ’ 

Tho SRrivanow l’>-l«iary Battory. RV.d. Ekau, May 12, p. 230 - 
«<C ‘fc <’•” gravity and Hliirayw Battory. (111.) A'. >'. Elec. Kev., 

FfTnct of Uhl.irlno oil tho KloctrumoUvo Force of a Voltaic 
Ciniplo. t. .V,. A/,;.., May 18, p. .170 (Roy- Soc.) 

ti'ffiH-t of ('.hlorlno on llio Eloftromotlv« Force of a Voltaic 
Cuuplo. l.v L, <K.,v. S.H-.) Elen., May .1, p. 10.) 

Eloctroplati'dr Alnniininn. Am. May i<), p. 3 '> 9 - 

Electrolytic Itloiu-hlup. May p. .15". (Sm;. Uhm. bid.) 

Electrolytic Blonchinp. /.«.•. Ele. Enxr.. May 11. p. .142. 

mI Unt*n yarns. 

The Klectrolvnln of doppor a«H> 5 mt 0 in Standardizing Elec¬ 
trical inatnunont!!. . 111.1 A. \V. M.-lMc. (Pliys. Soc.) Elec.UorUi. 

MoVV S. !'• « . 

Tinning by Hhnplo InmiorHlon. fEJeJes .'.lines cl .Mel.ilhiK^ic; . n. 

.Jm,, Mi'iV !»■ ■* 'r 

An Kleclrolytlc Indiciitor of Pidarlty. (III.) .V- 5'. EJec. Aev.. May 

Tho'Hi>l'.ar»tlo» of tho K. M. F. of Ceto into their Potential 

Dim^ronrMH. V; V. AVr.. M-ty A* p- 7- 

The Biflbrenco of ih.tenllai Between Certain Metals. Ac., in 
Helntiomi of IHfTer.mt HtrengthB, /,,■«./. A/rf«., May i., p. 5 ‘. 

Acruiutilator .s. M^y ‘.‘S 

Accumulator 'I’entH. (Net. .) l. ml Ek.n,, May .». p. 7 . 3 '>- (W.d'Ra.iofui.) 
A New Form of Hocendary Battery. J. I>. IMlb'-- E:ice. IVml.i. May 

‘l.':."...'r.'i' mi^M im.i ... ; pn;d.dvvs ..f pmr pee.u. 

flnle.hli. . '.pp. 1. •.v!.ipl«o! >»• v.-y'-lald'* panluwiits. I lu: w, let t. immtist 
ill a ■.elntieu ..I .'111. .m; el pet.r.!i, el mhI.s, 111 a h» l.i.s. 

Now Form of Accumulator. .V. 1*. EJee. h'ev., May 2h, p. p. 
Accumulator Regulation. lUi.) I end. Eke. Etv.,^Uy n.V- 


MEt.'ltANlCAI.. 

The Britannia Company’s lathes. (Ill) 

May 25. P •••.17 ; /b-s’ . «.*>' I’ ^ ^ 



INDEX OF CURRENT 


xii 


[July, 1888. 


A 3 New Compound Condensing MacMne. Y. Elec. Rev., May 5, 

P. 3. 

New Automatic Cut-OflT Engine for Electric Lighting, (ill.) 
Elec. World, May 5, p. 230. (Erie.) 


THERMO-ELECTRICITY. 

Thermopiles. (Corr.) (Ill.) F. Jehl, Land, Elecn., May 18, p. 62. 

E. Raub’s Thermo-Electric Battery. G. Betz. (Ill.) Sci. Am. Supp., 
May 12, p. 10303. 


UNDERGROUND WIRES. 

The Philadelphia System for Underground Electric Wires. 
Sci. Am., May 26, p. 326. 

Underground Cables in Philadelphia. (Note.) Lond. Elec. Rev., 
May II, p. 523. 

The Brooks Underground System. (Corr.) Otis H. Kendall. Lond. 
Elec. Rev., May 25, p. 583. 

The New Brooks Underground System. Elec. World, May 19, p. 

257. 

The Underground Problem. N. Y. Elec. Rev., May 5, p. 4. 

Underground Electrical Conductors in Europe and America. 
G. W. Plympton. Am. Inst. Elec. Engrs. Y. Elec. Rev., May 26, p. 6. 

Glass Underground Cables. Pittsburgh Com. Gaz., West. Elecn., May 26. 
p. 265. 

Underground Electrical Conductors in Europe and America. 
Am. Ins. Elec. Engrs. (G. W. Plympton.) Elec. World, May 26, p. 270. 


INSTRUMENTS, MEASUREMENTS, &c. 

sir WilUam Thomson’s New Standard Electrical Measurincr 
Instruments. (Ill.) J. A. Fleming. Indztst.j Y. Elec. Emrr., 

p. 2II. ^ 


On a New Composite Electric Balance. (III.) Sir William Thom- 
son. Land. Elecn., May xi, p. 8. Abs. of Paper, Phil. Soc. Glasgow. 
Lond. Elec. Engr., May i8, p. 464; Lond. Elec. Rev., May ix, p. 503. 

Sir William Thomson’s Electrical Measuring Instruments. 

Science, May i8, p. 237. 


On a Simple Apparatus for the Measurement of the Coeificient 
hy Expansion of Heat. W. E. Ayrton and J. Perry. Phys. Soc. 
Lo?id. Elec. Rev., May x8, p. 556 ; Eng., May 18, p. 500. 

A New Current Meter. World, May xs. p. 244 . (Boernstein.) 

Science, May 4, p. 212. 










YolinwU^rn itutl AKii«0t«r^ by Biijpulsion, (Note.) Imicl £kf, 

Kbunric McH^^r. { 111 .) /jmJ. /*,‘ 4 r. May i8» p. 470. 

Kew uf HoacUng H^^floctiiig Instruments, la hum. Hiec.; 

.S\i(‘fht\ Ma\ |‘. 

A Arm Oalvanemetei*. ilU.) (J, S. Moler, Am. las. Elec. 

/-'V,. IIV?.’*/, May p. :,!7l. 

A New I^attern Befleeting Qiilnmomeim with Lamp and 
Scale, (ill.) < 1 . 1 . Vii^lrnentukr. .svb ./w. .SV/y , May x2, p. 10,304. 

Portable Astatic Clalranoineter. Uml Eke. Engr., May n, p. 443. 

(WiKHihilUsr A M.4W.UU I 

0alvaito*3<ieter Suspensions. H A. Liclsg, Jr. Eke, IIV/*/, May 5, p. 
224; Siterf^e, Sfay il. p. /.ami Eke. Eev., May 25, p. 560. 

A'» u> nirtlHMl'. Mi i 4 »iainin^: reliable silk tbreads or libres for galvanometer 

.sn* 4 K*a‘ 4 Mrr*. 

X)i«c\x«ion of the I^recislon of Mmsmroments. Silas W, liolmao. 

,V. r, Eke, Em;t., May. p. i ErJi, {hmrter/^f.) 


MISCKI.|.ANKt>nS. 

BlllOtriclty. hod', Kbsba ihay. bV.t/. Ekefi., May K). p. 251. 

'Ihe E<»7«tl HtiClety Holme, IHHH., Imf., May iB, p, 4H7; Must, May 

IH, I'*. 

Tlxe Itiilian K-xhlbition. flH.i leml Eke. kagr,, May 11, p. 440* 
dlaigow Internntlonitl Pl^hibltlon. /cm/. /:/o4 AVr., Mity n, i>. 512, 

Annuiiil MwKlinif at tU<t Ainerliis,xi Institute of E/lectidcnl Engi* 
neei^ii. J/./ /f. »“'* //a, -M.iV 24, p -upt ; Eke. U er/J, May 2b, |k 2bH ; 
IfVi/, i k.a . Mav 'Eu p> 2»'7, 

Bubnmrine MtniiHP lUlo farm t-.MI,. Ikicknill. Amy* May li, p. 449* 

p 'jiuf M Im tso p. .'”"2 f 

A Skotrh <tf RnlJnmii SysHvmB «,nd th«Jr Adiiptabllity 

for Kltn-lrlfui «1. W, MitiiHlidd, .)/,/. If. Sf J/t, May 

;0, p, (i,*M i, IIm-.ImO I Icr t luin 

T1 m» KPtrtrh-Uy .if lht> lluuifus Hoily. Hr, K. ViK<mnmx. j:likelridt,'; 
,)/./, I t m., M.iv j". !•. 

Ni.w Klorlrli'iil AppU.uu*.w. illl.i .V/ It. M: »». !»!’• 5 «X». 5 «). 

Tim Hiuiloiimidi. >U 1 .! ft... ?r..././. May S. !>■-'-••t- !.<•»« Olivier. .SVw).v, 

M.i, .(, p. . . 

.\ r;.,i.n(u. in ih. ^j.rr.l ol wlti. h iv .-w.ily iwt,i«iitMmal to the intensity oi 
thf Iinli! . .tn.I till- miiiitiri ol irvoliilions iluiiiiK .i Kiven lime serve t<> indieate 
ilrl.mtc ol linhi elte.t In this w;iy the cKimsurc of sensitive plates 

ill pliMtoppaptij t att i.»r limrd. 



XIV 


INDEX OF CURRENT 


[July, 1888.J 


Practical Analog-ies befsireen Mechanical and Electrical Engi- 
neering. (Corr.) R, M. Hunter. Klee, May 5, p. 228. Watts* 

May 19, p. 253. 

The Butas Electric Yalve. (Ill.) Elec, World, May 26, p. 267 ; West, 
Elecn,, May 19, p. 249. 

The Massachusetts Institute of Technology and its Influence 
upon Electrical Progress. H. C. Spaulding. Boston Elec. Club. 
Elec, World, May 26 p. 269 ; Md, Lt. Bt,, May 24, p. 552. 

Dental Electrics, (Ill.) Eental Rev,; Elec. World, May 26, p, 267 C E 
Kells. 

The NTew Edison Laboratory. Elec. World, May 19, p. 259, 

Protection of the Human Body from Dangerous Currents. P. B. 
Delany, Am. Inst. Elec. Engrs. FJec, World, May 26, p. 270. 

On Death by the Electric Current. E. J. Houston. Proc. Am. Phil. Soc. 
Elec, World, May 19, p. 256, 

A.n ImproTed Watchman’s Time Detector, (Ill.) Elec, World, May 
12, p. 244. (Redding Electrical Co.) 

The Sandusky Iron Pole. (Ill.) West. Elecn., May 19. p. 249. 

Dynamo Tenders and life Insurance. IVest. Elecn., May 19, p. 247. 

Reducing Refractory Ores by Electricity. West. Elecn., May 19, 
p. 245. 

'Waddington’s Electric Submarine Torpedo Boat. (1)1.) .SVl. Am., 
May ig, p. 310; ET. Y. Elec. Kev., May 26, p. i. 

The Magnesium Lamp. Sci. Am., May 26, p. 328. 

Hafner <fc Laughans’ Safety Circuit Breaker. (Ill.) Sci. Am. Stipp., 
May 5, p. 10,291. 

Municipal Superirision of Electric Wires. Sci. Am., May 5, p. 274 

The Derelopment of the Mercurial Air Pump. (III.) Sylv.-mus 1'. 
Thompson. (Cont’d from p. 175.) N. Y. Elec. Engr., May, p. 208. 

(Ill.) I lefner-Alteneck. JV. Y. Elec. Eitpy., May, p. 201. 
Electric Temperature Regulator. (Ill.) JV. Y. Elec. May 26, p. i. 
An Electrical Chestnut. (Ill.) JV. Y. Eke. Kev., May 12, p. lo. 

A Regulator for Maintaining Constant Exhaustion. (Ill.) S. W. 
Holman. PA. Y. Elec. Ke^f., May 12, p. 30. 

The Battle of the Electric Giants. PA. Y. Elec. Rev., May 12, p. 8. 
Heating Cars, etc., by Electricity. St. Ky. Gas., May, p. 68. (Rie-s.) 
Electric Bell Hanging. P’me. Elec., May, p. 237. 

Non-Magnetic Watches. J. Haswell. Prac. Eke., May, p. 235. 

Interesting details reg.arding their manufacture at Geneva, Switzerland. 

Air Ships. (Ed.) PA. Y. Elec. Rev,. May 19, p. 4. 

A Neis-Insulating Compound. Cltnnii/ue Pndustridle / PA. Y. Elec. Rev. 
May 5, p. 7, ' 


I.ITICKATURK. 


XV 


!Jmv, 


Tia«graph Wirm, X. y, KhY, AV?./., 

M..; <■ , !'■. r- 

Owth<’HMiiUJHl uf Khnnrk^ CilwmUt. V.\ II. IVvea.!. (Roy. Soc.) 

/.‘.v‘/. ■' • ■ . ’P''. . I- 4-*i; l-Mid. Eh'i. AVr»., May ii, p. 50^); A", 

I. ^ • 4 '‘R-/. p' -‘i*- (i'aillrtrt.l AV*Wf\ May 18, p. 23S ; 

p .^' ^ ,.»//.//. //^^ . Mav I‘..», |'k 507, 

(tjvinjf^ Lth.f- i!,r tuimf jiii ;oi}pt?rv»‘i la'quirod to fuse wires of 

v.ti*■■■' j.i.,'., .Old lltr tiiaiatif.s ■; i#f wirt*s t>f various materials 

ulja d 'Aid ^ P/.'- : a * oury! of gtvnu r.treogth. 


Prartiral r»f %tm KhnXm^^ MimnvU Ptmkmi'h /Wss ; ,/.ow/. A/o*. 

/ nf ^ , ^^o;< .? : , i* 41 V 


IJfiOU uf MO’H. V ■•■■.. #/;■ *•./, M-av 'V, |r k’-‘7 , Sfi. .Im.., May 12, p. 294. 

'rho DimtiU* .Aritialiir:r* .AtiRimtUio KhHHrR.^ Qan Burner. (HI) 

/d,a. / A . M-^y,. \K V . i 

I'he Iinpruioii Bartholdi Aninrnatlr Oaw Lighting Burner. (Ill, 


A Now Ivloot rO* (hi a Lighting AiliM.’’'hntent. (lll.i A 7 w. /fv’f/i/, May 

10. p. :;. ^ 

Improvouiont m lA-hogrlt'* tinii Lighi.-hig Burners. (lU.) Fkc. lVt*}U. 

\\Ak ' . p • ^ i I'-V-A't I 

Kiarirlr Mm Alnnn. \v..!r ;■ /-..r. /of;;;;/.. May 11, p. 435. (l*iau.) 

HIr Charlon Bright, Rv,^ \t4v ri, |.t. ri; /,i.i#aA A'/o*. AV/pr., May 

H.p. 4io, v' .. .% 'A.ov lap. y>»'S iifo-A/. .\fay 12, p. 240. 

/ e, , ’iLo, 4. ^ 4'' M.sv n, p», <'ifuuiayy .skrtehes. 

Mo I uly rohi \V t r«- J mI tiin,. , i,. V. ;«■,/. /Lo •■v.. May 2s. p. 83. 

*rhe *’Bapofit nf »lonkin.‘* ii Vai.' 'A ildssr1d»y Lt>nd* 


KxeoutiHii hy Ishne rg,n!.y. , h'uJ. AV.-ri.*., May 4, p, 732. 

Lottorii ter LoartuM';i n.ml tlni^tHii'iwikinnl lirmders, (IIL) IL I). 

WiIkJtr.MU fV^.. ,.■ VV.?;./. /VAva,, May 4» p. 781 i May 18, 

p. p; j , 

Notoa Mil IsiorfrioiL Ainorii'a, |, raviolrtiiiir au*{ K. I'. Sellon.Ao/oA 

j‘ . ;V . ** 4 .- f ■ a-;,, ’^Re- VP |.e 

4 Nt'W Llmgrie H|i«aa;l Imllenler. Bil.> Fm. /AVaA/, M'ay 5, p. 226. 

( 4 r*r!. , Lr, ,’. ' 

l»jpmv*f*i Kloi'trioal H|tian;i llirlloirlnr. !FF*. Mnyr,, Mayil.p. 

4 P< s.M |,>prpsr,.; ;■ 

Welding hy KI*H*lflo4l.y. 'V., P. /.vm-, A-«,p'*» ^he'i p* «14* 

Kleotrle IVohBng / o.A v-,.v..o,, M.nMP p, j-a*. Ryvvs, StiuleiuR Med> 
ani R ^ .. V ... “ . ^4,.iy p. 4t L /*wa. FX, AVo,, May 18, p. 555. 

IhnMrle Hineiis I ' A, w, iLakn a-r\ V, tLy%, .sVi. Am.. May n:p p. 

IH 10 4 


lnlluefit*e Miiehitn^p. ’Illi I. Ain »Rw.* .May 26,1.1.10327; 

M.i\ ,|. |o. ,|p., 




electrical literature [July, 1888.] 


Ho-s? to Make the Wimahurat Machine. (111.) Sd. Am. Supp., May 


19, p. IO3I9. 

The Qlaeaer Influence Machine. (Ill.) Land. Elecn., May 18, p. 45 - 
Intended to be used for freeing the air from dust and other impurities. 

Demonatration of the Lawa of Static Electricity. Elec. World. May 
5, p. 224. A. M. Mayer. 

On the Influence of Self-Induction on the Bate of Diachaxge of 
a Condenser. Dr. Oliver Lodge. (Ill.) Land. Elecn.,'lAz.-p Vi- 

The Influence of Light upon Electric Discharge. (Note.) Lond. 

Elecn., May 4, p. 73 l. (Wiedemann and Ebert.) 

Lightning Discharges. (Corn) W. E. Sumpner. Lond. Elecn., May 18. 

The^Protection of Buildings from Lightning. Induct.; Sci. Am., 


May 19, p. 312. j 

The Elongation and Contraction of Metals in Magnetic Fields. 
Induct.; N. Y. Elec. Rev., May 12, p. 2; (Ill.); Rite. World, May 12, p. 
242; Weet. Ekcn., May 5, p. 223 ; Science, May 18, p. 238. 

Effect of Temperature on the Magnetization of Iron. N. 1. 
Elec. Rev., May 26, p. i. 

On the Production of Intense Magnetic Fields. Prof. Stefan' 
Lond. Elec. Engr., May il, p. 443 - (Vienna Aca. Sci.) 


Magnetic Lag. T. Blakesley. Lond. Elecn., May 25, p. 88 ; (Phys Soc ) ; 
Lcmd. Elec. Engr., May 18, p. 473 ; Eng., May 18, p. 500; Induct., May 18. 


p. 503. 

Note on the Graphic Treatment of the Lamont-Froelich For¬ 
mula for Induced Magnetism. S. P. Thompson. Emd. Elecn., 
May II, p. 28 ; Lond. Elec. Engr., May 4, P- 419 ; (I’^ys. «°u.) ; Eng., May 
4, p. 441 ; Indust,, May i8, p. 503. 

New Method of Measuring Magnetism of Gases. Limd. Elecn,, 
May 4, p. 730 - 

The Steam Electro-Magnet. Eke. World, May 19, p. 257 - 

On Electromotive Force hy Contact. C. V. Burton, Phys. Soc. Lend. 
Elec. Engr., May 4, P- 4 I 9 I Elecn., May il, p. 27 ; Lond. I'.lec. Lev., 

May 4, p. 492 ; ^ng., May 4 , p. 441* 

A Theory Concerning the Sadden Loss of Magnetic Properties 
of Iron and Nickel. Lond. Elecn., May n, p. 28 ; Land. Eke. Engr., 
May 4, p. 419 ; (Phys. Soc.) ; E 7 tg., May 4, p. 44 ^. 


On the Magnetic Qualities of Nickel. J. A. Ewing, and G. C 
Cowan. Lond Elecn., May 25, p* S3 I^ond* Elecn Lev„, May 25, p* 


Electrical Oscillations. (Ill.) J. A. Fleming. J^ond. Elecn., May 11, p. 6. 
(Corr.) A. P. Trotter. May 18, p. 61. 

The Patent Reform Bills Introduced to Congress hy the Nat. 

Elec. lit. Assn. Ef. Y. Elec. Engr., May, p. 233. 

The Question of Patent Office Changes. (Corr.) Geo. O. G. Coak. 
N. Y. Elec. Rev., May 12, p. 6. 

The Patent Court and TJniformity in Patent Practice. G. 11 . 
Stockbridge. Am. Inst. Elec. Engrs. Md. Lt. 6^ lit., May 24, p. 54^. 









INI) K X- 


(IIIR R1 ■: ST E i M 'TR1 CA 1. 1.1 'FERATURE, 


iVf. {June, iS8 


■n l.I'.dKAl'llY. 

Cloud T4»Uiarii.phy. / <>.. /r,.>/,/, jiim- lo, p. y>t). 

Th(. lliilau Knulpmottl in mUBlnvrgli- -V. K AV-r. AV?-.. 

JutH‘ I* 

Tho Phouo Hlgiial ati Ailaptial to SabiuarlBO relagraphy. A. >. 

AVfi . /u'.' , ;*;,E |i. T- 

I'lia IHfanimibui fai tba (t-pi'r,) Muvcj, Ji. .A4<. 

ir'i'/ZA !♦' 

A OrUifititu on Miivor’K ImiJnivomiintB in the Qxiadrnplex. 1'. 
W. Jmiii -.. I !U ) .V. n ,jiiiH- K. i>. 

I, nprovomonin In lUo Q.nidniplt'it, U! \Vm Muv,-r. Jr. jn') 

II |mu»' I* 

Improvoniont.H In tiro tiunarnpio*. till.) Hfuly, AAv.nVW,4Jum- 
j, „ Mu.i !■ jm..-:(o, I'. A'o. 

A Now H.viaoni ol' TninHjnlMBiint. AV.-.-. /r.v4/, Jime n. 

|h i J -■•'R-^ ^ 

Doliiny’.. In.i.rovo.nonlH in Htiinnarino Cabin ToUmraphy. (Ul.) 

/ /(•( ^ f RR‘‘ -‘'i. A' '-i-*-' 

Pr(»ptmo<l Now 'I'olMs,ni!>li in t,!>o lUrbrldoa. iKota) /ww. 

/»I f,* » {nuc I . , t I*"'' 


Domomm H.!i.'or Ciildo, .* / A,. AV-,. Jum- i>;. i>. 

Ccmnootin., Wontorn AnHinUla nn.l India by Cable. (Note.) /-W. 

/-At, ,h \Juuc I. |». 

I^tug Ulittam-<* 'roloprnpii.v. / Av»# . Jam' a, p. 273. 

Tolegraplt VH. ‘r.dopitono, v f.-t . JtiiuM). p. 

Railroad Ttdoiimplno'H' Convontiun. I/Vrf. A'Av'/., Jtnx-30, p. .317. 

lUUroad lilnoK ami I«t.»Kn*mmunlenttng Syatem. ( 111 .) 

A 7 i'V„ jiiiD’ E i». isEc, 



ii 


INDEX OF CURRENT 


[August, 1888.] 


The Electrical Distribution of Time. A. D. Brown. Jour. Fkln. Inst., 
June. p. 482 ; N. Y. Elec. Rev., June 30, p. 2. 

New Automatic Fire Alarm System. (III.) Elec. June p, p. 

2gl. (Automatic Fire Service Co.) 

The Police Telegraph Department in Brooklyn. ( 111 .) Elec. World, 
June 23, p. 317* 

Fire Telegraphj and False Alarms. (Corr.) Land. Elecn,, June i, 
p. 155 - 

New Automatic Fire Alarm. (Ill.) Sd. Am. Supp., June 16, p. 10.383. 
Safety Signal Apparatus by Siemens and Halske. Land, hlecn., 
June 8, p. 136. 

A New Watchman’s Record Clock. AV:?-.. June 22, p. 625. 

Irish’s Electric Watchman’s Register. (Ill.) Elec. World, June 30. 

p. 329 

Burglar Alarm Window and Door Contact. (Ill.) Land. Elccn., 
June 22, p. 217. 


TELEPHONY. 

Telephonic Communication with Ships. (Corr.) (Ill.; C. Todd. 

Lond. Elecn.y June I5» p* 1S7. 

Copenliag-en Telephone System. (Note.) .Und. Elec. Rev,, June 22, 
p. 681. 

Practical Telephony. ■ (III.) T. 1 ). I^ockwood. West, Eken,, June 2, 
Sci, Am. Supp., p. 275. 

Xightning Protector for Telephone Apparatus. (Ill.) June 30, 
p. 10,416. 

.A Great Telephone Switchboard. Sci. Am., June 30, p. 403^ 

Tanner’s Telephone Attachment. (III.) JV. V. Eke. Rev., June 30, p. 7. 
The FYOlution of the Acoustic Telephone, (ill.) G. F. Shaver. Eke. 
World, June 16, p. 304. 

The Telephone and the Telegraph. -iV. V, Eke. Rev., June 2, p. 1. 
The Van Bysselberghe System in Switzerland. A'. V. Eke. Rev., 
June 9, p. t. 

The Work of a Typical Telephone Exchange. (III.) E". V. Eke. 
Rev., June 9, p. i. 

Long Distance Telephone Lines. Seienee, June 1, p. 262. (Wictlisbr-ch.) 

Bell against Cushman. Wesl. Ekcn., June 9, p. 281 ; June t 6, p. 295 ; 
N. Y. Eke. Rev,, June 16, p. 4 - 

The Edison Photophone. West, Eken.; Sei. Am., June 2, p. 345. 

The Gramophone. E. V. Eke. Rev., June 2, p. 6. 









K|j:r J Kl^AL Li rHRATURK, 


{August* 




Th*^ Phouograpli. T. A. Edison. {A^o^/Zi Am. A*nK) AA V. 

/•Vo - /A' .. I'* 

A Hew Phunoprn.phlr Doparture. (III.) AV V. FMr, AVr'., June c), 

|i, n. 


"fhe Phoin>2&eaopi*n,ph. A/v«., June H. p. 13(1; A/d. It. 

V //*' , j Olio .11, p- o |M, 

All in* euiru-tit . V u .oti !>y tlie hue tie Eeltre, intended to indicate the dirce- 
Poti ,4 Am < 1 ; •ound. It riimpris(o> a fidcmphonic plate of peculiar con- 

..trtn-tiMn liv'd ui a vniiral plane, in circuit with a battery and a telephone 
0-. a hrpir- le’Ai'.nnval g;dv;uiomctcr aiul a \V!teatstone bridge. 

Tho Now (h'nphophouo. /IVaV AAv./., June 9, p. 2B4. 

Th« Onunophi.iu* : Kt,filing Uu> Human Yoico. (Ill) Emile Bw- 
lin.v. /. .•<• !• ''■'■■■ I'l'- -t"' S"”- 

luBtruimuiW Tor Hiu-onllag Hnproducing Speech. .\. (1. Bell. 

}uur iO, J». io,3h3. 

Tho Author dtii ''roli^phono TraiiBniltior. (Tnnzehnann.) Sa. Am., 

' ,i,V. I !'■ ■-■■Eli '• />V7i., June .lo. p. 6. 



1 1 liTklf MiiH'l'. 

Tho HmanMiii. Y.mtt.-l l.lgliuxl by BUictrlcUy. .V. E. A'/.r, y,V:>., Jun« 

(j, |E I. I 'I ho ' ’ Wave. ) 

The 'riicmHun H..uHl..n Htattnu, Norfolh, Va. nil.) A/.r. /IV/,/. 

jiific 'i'\ |K i'-’L 

UnrUn Klm-lrif O.mp i;-..ai.June 30, g. S'-iS- 

'riut ■''• fMaiit, at Ohicago- <•>'■) A/r. /E»a,/, June 30, p. 

5 ( I dl MO I .dalrtl, j 

Hnp.ut .... .. CVntna Station in Cologne. .V. Hegener. 

t :.E luir L p ' OU 

•nu, !.oau.lns,t..n Central Khu-tric Bight Station. J..«e ea. 

|i o,' y !f MU |un»' 'r‘ h p ^‘4h' 

TUh Llglitlng Arrangomontrt at llio E’erli* Bridge, fill.) 

l.iiii- . p. • t.'i. I'll.. ''“ 7 - 

KUH-trlo I.lght InHtaliatl.m at the Botanical GardenB, Man- 

AoA' A. ih V , 

»l ... 

A 7 ,i. ///,., I»•'’• 

'I’he Cafit Monlco. (lilt /.'«./■ A.W. A«,i,o., Jmir R. p. 

On the Inatallatlon. Co«t of W..rW«g. and Eetarne ^ 

StathmH for Bl.u-trh- Lighting. W. Ints.he. I.md. Uu. hn.. 

: pine HV p. b 4 t 

central Station Lighting. Curve- of Output and Co»t. (III.) UnJ. 

/ 7f. tu , jniir ii‘i» p' L 






INDEX OF CURRENT 


[August, i838.] 




Installation Breakdowns. R. J. Jones. Lo^id. EUc. Engr., June i, p. 520; 
Land. Elec. Rev., June 22, p. 666. 

Portable Electric Light Plant. (111.) d.ond- Elec. Engr., June i, p. 520. 


ComparatiTe Yalue of the Alternating Transformer and the 
Continuous Current Systems for Central Station Lighting- 
F B Badt. Chic. Elec. Club. Land. Elec. Engr., June x, p. 524- 


Electric Night Signals for Use at Sea. Sd. Am., June 30. p. 404. 
The Electric Light in Medical Investigations. Sci. Am., June 16. 
p- 370. 

Safety Lamp in Collieries. W. H. Preece. Roy. Instn. Eng., June, 
p. 601. 

Electric Light and Telegraphic Facilities for the Republican 
Contention. West. Elccn., June i6, p, 294. 

The Electric Light in Railway Trains. (Ed.) Land. Elec. Rerr, 
June 1, p. 585. 

The Electric Light in Boilers. JV. Y. Elec. Rev., June 2, p. 9. 
Electric Night Signals. jV. Y. Elec. Rev., June 23, p. i. 

Thomson-Houston Marine Reflectors. (Ill.) M. Y. Elec. Rev., June. 
23, p. 2 ; Elec. IVorll, June 23. p. 318; Md. Lt. IE , June 21, p. 642. 

Marine Biology and the Electric Light. Nature; Loud. Elec. Rev.. 
June 29, p. 707. 

Incandescent Lamps in Explosive Gases. (Hutchins.) Elec. Worlds 
June 2, p. 280; Science, June 15, p. 2S4. 

The Westinghouse Company and a ISTew Incandescent liamp. 
(Note.) Am. Engc,,' Loud. Hecn., June 22, p. 201. 

Incandescent Lamp Experiments. Loud. Lletn., June 2.-, p. *.(>1. 


The Eihciency of Incandescent Lamps with Direct and Alter¬ 
nating Currents. Ayrton & Terry. .Thys. Soc. Lond. A/<r. Lev., June 
1, P- 593 j Lond. Elec. Engr., June i, p. 512. 

Experiments in Static Electricity with the Incandescent Lamp. 
(Ill.) Loud. Elec. Rev., June 8, p. 615. 

Experiments in Static Electricity with the Incandescent Lamp. 
E. H. Cook. (Corr.) Lond. Elec. Rev., June 22, p. 688. 


Edison Swan Electric Light Company ys. Holland and 

others. Lond. Eileen., June i, p. 113 ; June 8, p. 14S ; Indust., June 22, p. 
620 ; Lond. Elec. Rev., June i, p. 599* 

Gas Companies and Incandescent Light. West, Elecn., June 30, 
p. 325. 

The Seel Incandescent Lamp Filament. Science, June i, p. 263; 
Lond. Elecn., June 8, p. 148. 

TTacuum in Lamps. Lond. Elec. Engr., June r, p. 508, 


1 M.t CTHK AI. l.ITEHATUUK. v 

Maxinium Enicioncy of Incandescent Lamps. (Ill.) J. W. 
Howell, Am. hi'.. 1 f J“"“ * 9 . P- ^ 93 - 

Mr. HowoU's Tests of tin* Kfllcloncy of Incandescent Lamps. 
K, U, rpliiii. Itml. June 8, 1*. 157. 

A Now Arc Lamp. /'.V.. ir,.*/./, jmu-’.jj, 1 >, 315- (PolLk.) 
nui Cost of Kloctru- Arc LlgliUng. C. M. Kclkr. Westn. G.is Asso. 
1 jillir p. 'H",- 

Now Kxpt*rhnonts tm the Eluctrlc Ar 6 . ( 111 .) l.oml. June i, 

[ 1 . |i»), il r^hrt in fur/<fir/r,ifi‘i-AiiU-.) 

Kloluonlary Tostiup Hultaldo for Electric Lighting Systems. 
(111,1 '1 lioiii.f. t'.i.iv, /I'W. /Mv. l<Ui:r., June 8 , p. 5^.1 ; June 22 , p. 5 2- 

The AppU'-atl.-n of Kloclrlcity to Lighting and Working. (Ill.) 
ino APP*“ . . f«m, n. Ss.l iMnd. Elccn., 


11 p,,.,., 1 - (luo-nile I n lures.) fCoutVl from p. 85 .) Elecn., 

June 2, p. 10.3501 June 23. P- JO- 397 - 

ir. lA / ‘V* f/.* '•% i‘- 

Stanrlards nf Light. lUleU-u. S.h , rlu-m. lu.i, June 15 . P-f>03. 

The Now EUictrlc Lighting Act. (Ivl.) /«.//«/., June 21), p. 043 
Reth»cton. for Llstrlhntlng Light. «orr.) A. P. Trotter. Indust., 

jUUr .‘g, |» . 

Wind Pt.wor for Klm-lrlc Ihghting. !<!<■<■. nWU, June 23 . P- 315- 
(Jllph. < .te.ii'ov l‘loln-...plo. ..t .SOC.) June »h !>■ 3oH. 

<hM* into Kl‘H-trU-lly. Mill . 1 /,/. /A //A. June 7 . P-<>«. 
mflU-ultios KM>.Timtcod in soiling Arc Light Apparatne and 
urn Tension Motors. Md. f t &• fft, June 7, P- 599. 

Homo Now Eioctrlo Idght Appllan«e«- (m.) ^ 

A«uurn.e„„.. (.lu A-.,.-'“y- 

Now’'KloctrlC Lantorn. W. C. HukIh-h. I-bys. Sou. lond. Ehcn., June 

p. *‘*'1 i hhimf*, .hit*'’ i'*' 

Poilco Hoirnlntlons f.sr Tlntatro Lighting in Paris. Umi. Alu. Lnf,r.. 

huH* p. 

T..0 ... 

l,md 7 AV. , June .s, p. hip; June 15. P '» 4 f>. J'X't - i 

i'*'r 

Eloclrlc Light Conductors. (Ton.) Swmttm. f,,md. Ue> -Ji(> 

n, (il J. 

The Now England 

Tho Now England Eloctrlo Exohang 

It, ■ fft, June at. p. h,jo. ,.wA«r 

Th. o„»..u„u.>» .sj. 

Biiglwui ISliWtrk) !Exohtfc»0 




INDEX OF CURRENT 


[August, i888.| 


. ^ , Ules. Land. Elec. Re^., June i, p. 598. (New Eng. Ins. Exchange.) 

Mies from Electric Wires. (Preece Tel En<^= « w, ^ 

June 9, p. 283. i Engrs. & Elecns.) West.. 


dynamos, systems of distribution. Etc. 

June P Jggj ■ j '. 1 .'>. 5 SS, 

Mfty-tJnit Dynamo, by Paterson and Cooper Uii ^ 

June 15, p, i8i. ^ '-■ooper. (in.) Loud. Rlecn., 

"‘I p7:"7r?:7^";:;e -“7 p“ ""'■"" 

i 3»»U S.l,.K.s,p.au„j, j ,uW. A-fc June ,. 

D 7 PU.O Witt H»ad Powpr. ,i,i., .v, ,,, g.,,,, _ 

■^^7“““ '"“"I"".™ D^nttttO. io.,... 

Th„„,„,Hpp„pp «//.,. 4. //e.juneeg p 

,rr“' "■ ■-*■ 

™’7'' “»»““»!> o„i. 

ctt. o. 

xiio Continuous Cujrront va TTiiii 211+ » 

June 9 , p. 295. ’ ^ -Sulternating Current. Klee. 

Electro-Dynamic Rotation bv Monn= r.f xi. 

“-■■'«. j»«" ■>. p. 1 , 3 . (Cuineo 

Pxof^ G; Po«,„ ,W ^ 


[AukUSI, 


l.ITEKATURE. 


Alternating vhC mtlnunus Curronta. M. m. m. siattcry. Chic Flee 

i hih. Zr/;./. / }ni)v i, p. i-;?. 

Experlm.mtal Curvoa nf Alternating Curronts. (in.) 

/ /- //. , j ttUi' I , p. I I I . *' 

CimUmuiua Current Tranaforinntlon. (ill.) K. Percy .Sellon. /«;„/ 

hi.ir I, ji. nr;. (''..iirlM from p, 73,4.) . ■ 

BxperlmnntH ,.n Tphunion CoUa. U. (Ill.) Dr. Loui.s Duncan Cary 
1 . Hntrhur.M, ;uui ..,!!«■,I W liken. /,V,y. IIW,/.- l.md. Elec. k'ev. Tune 

15, p. ^ 

Battery ami Alternatljtg Current Tranaforroora. ('I'd. Knims. and 

l•.l(■rll■.. I i.iiu|iii,|i.) /('((A l lecn., Imu' 311, p. 3^3. 

Chloago Kleetrlc Club, West. A'/njuiie 2, p. 276; [une 30, p. 317. 

(Di-..11-. |..1I nj Spi-Ii v’'. p.ijin-: .Motors and Mteniutinij Currents.”) 

Conrert.tra la Att.erlpa. l.'„r|,es. .V,v. Tel. E„/:n. ami Elcens. 

IiWii, /'./»"!, juitr p, 

A PraotltnU Mttlln.a of C.Uinilatlng and Doaigning Dynamoa 
ami Motorn. k. p. C,„rk.T. Elee. June 22, p. 5,40. 

XJe(> of Elootro Dynamoimttttra for tin* Moaauroinont of the Mean 

IntouHit/ of an Ourront, .V. K. AVfV, AV?'., June q 

p. ’ *» J ■ " .h 

Indmitlon Apparatus for Studying Dynamos. .Swinburne. Elec. 

IVoftJ, |un«^ o. p. . 

Awwi^turil ProtiuHor, illlj A/rr/#., fnin* ti, |), ; Kite, 

June p. 

Balt Git?*tr fi%T T<wti«0 Dyttmnm. (Ill.l /mfmt, June 22. p. (m- 


vimm, 

A Hiiw Qyitiuu of Altiiriiato Ciiri*<int Motom &Bci Traxisformars. 
Nienlu ‘I'chI,** UJli fAni, Inn, Kiigi’H.i A 7 #v* /fVr/i 4 June p* 2B1 ; 

/Jn/. //o#;., fnm’ 2, p. 272 ; Jmu* a p. ^^4* Jtme H, p, 273 ; 

A/n, AV;‘., jnnr p, lt|7 : June p. 576; A'. K. AA'o 

J«nt% p, 2n2, A*. r. / th, AVi\, June 2,, p. 2; /.mtA AVfr, AW^{‘‘Kf June 15, 

p. 

Ttici Alternating Currant Motor. A4 F* Mr, AW*/ Imd, AAr. 

AV?'.» juiie 22, p, 064; {<*t)rrA L. II. DenpysiHlM, June 15, p, 597. 

/.*wrA //a, p. ^ 83 . 

Toila liiipliua to Dr. Ixjuii Dunoan* (Corr.) M K Eke. AVr.». June 

at p. S. 

Hot© cm tim T<iila Alternating Currant Motor* Dr Lnuli Duncan* 

V. /‘k$\ AV^.* jtinr tU, p. ,p 

A Singular ConUrroation of th# T#«la IHheowy of Alternating 
Current Motors* Cll| V. Eke, AV?f*. June 9, p* 9* 


vili 


INDEX OF CURRENT 


[August, 1888.] 


The Thomson-Houston Motor. (III.) r. June 16, p. 8. 

(In an agricultural implement warehouse.) 

The Electric Motor in Newspaper Offices. (III.) Elec. World Tune 
2, p, 279 \ N Y. Elec. Eev,y June 2, p. i. 

A Daft Electric Motor in a Printing Office. (Ill.) Elec. 'World 
June 23, p. 315. 

New Electrical Torpedo. (Note.) Lon.i. Eke. Rev., 22 p 682 
(Nordenfelt,) . i 

“Magnet." (Ill.) Elec. World, June 23. p 318 
(Note.) JV. K Eke. Rev., June 23, p. 9. ^ ^ 

On the GoYeming of Electromotors. Ayrton and Perry. Phys .Soc 
Land. Elecn June i, p. r20; Land. Elec. Rev., June 8, p. 634. June 

P- 549 > Lo 7 id. Elec, Engr.^ June 8, p. 548. 

Note on the GoYeming of Electric Motors. Ayrton & Perry. Lond. 

Phys. Soc. Elec. Worlds June 30, p. 333. 

Automatic Regulation of an Organ-Blowing Motor, (in ) i„„a 
Elecn., June t6, p. 295. ^ ’ • 

Dental Electrics. (Ill.) C. E. Kells. AV««„ June 9, p. 2S2. 

The Electric Waiter. Nature; West.. Elecn., June 2, p. 277. 

Motors for Small Powers in Chicago. West. Elecn., June 2, p. 277. 

”“pS,r(S’“ Of 

J.n. .5. p. 537. '■ ■■■ 

Dtilizing Niagara. Estg. Se Min. Jour.; Sci. Am., June 2. p. 337. 

Electric Transmission of Power, i'rf. Am., June 30 p 40, 

So„. Ho„. p„™ M0.0P. a..,, 

An El t *’' 3 “P. (Note.) Z.mS. Elec. Ecu.. June UQ, p. 707. (HalL) 

A. Elnotric Pnmp. (rp., EeuS. El«. E.ec.. June S, p. 

Pumpmg in Mines bjr Motors. IEcc/. Elecn., June e, p 273 
Mine Hoisting by Electricity, (m) Eke WorM t 

Sprague plant at Aspen, Col. P- ==79- 

8,.^ Motor Drirlnj . Sto„p 







i: I.i'.i •fHt( Al. LITERATURE. 


lx 


Bloctriclty In a Stamping Mill. /rw./. Juno 2, p ,,7. a/ r 

. AVr., |i, 3. * * i .> / . . -r* 

Opnmtlon of Kl.vvatuw by EkKstriclty. Eke lV„Hd, Tune i6 n ,07 
(I .mrl!, i ’ •' • * • 


Richmond TTnlon Tramways. Eke E>,^r.. June 15 . p. 560 . 

Tho Iliidunond tTnlon I>a«8ongar Railway. (III.) .sv. Ev. /our 

j p|» I I * y* •» 

Tim Sprairim Kl.u-trli- Road at Richmond. Va. (Ill.) AV,r. U'orU 

Jtitii* |», V fi. 

Table or Clraden on OlmorvaU.ry Hill Pasaengar Railway. (III.) 

r. /'.V. . .'V» f llJtr ij, I'}, 


Tim Kbu-lric Railway in Urn byk,m« Yalloy Coal Mine. (Ill.) 
jdiir ifi, ji. i.n, ,V. (V/.M-, jinic 2 '.:. ]>, 21 / 1 . 

Ebu-trU- Hallway In a Colliary. /■«,.,,• IIV.,/. Ekru., June 30, p. 324. 

Tim AiiKonla. Conn., ISIertrU'; Hallway. ( 111 .) Eko. IVorU, June 30 

I'. O'.j. ■ . • . . 


Tim Allege.! Ac.d.ieni on the Jamaica, b. I., Kloctrlc Railway, 
ffmi.i \, K, Sill.-,, / /r.'o’./, Iniir 40 , [I. ■, 4 i. 

Kstlmatea of Klertrlral Knerjfy NecoHHary for Tram Cars. /.oud. 

Eh. ! «... .• . r. .' .... 4 V;|,u„- ..4, 2. 

Electrleal Power on Tramwaytt. illl » E>if;r.. lime sp, 

I'i. 

Tfiirtlnn. h mnj /*w»/, /‘Vrr, flint! i, p. 515, 

Klectrlo Tramwayw. tlol.) E»xr.. H, p. 5.J0. 

Tim EranKfttrt Offenbach Kleetrits Tramway. (111.) K. Krause. 

♦V, r, /*Vi, / , jnnr, |i, 

J'CjKifi liofitl, ,Sf, A*i\ flint*, p, 14B. 

Cemduii ftir Eiitlwifcy. 1111,1 .v/. A*r. /<w , Time p i iH 

(\Vhl|||||rM 

CiHuhtll ft»r (111) m^sA Eimt,, Jiim 

p. VH! 

8011111 Fm*ln lihtnit Kluctrlo Triicitioii. (eVirr.) F, J. Hpmgne. SA Ah\ 

fnnr, p, 1 h 

SoiiMi Firi,o.tH ftif ll'ohitlliiviijMi. ,V/. h\i\ jnntt, |i. 156, 

Thii Short Borliw ElmHrlO liftilwfty AVAv/iro Jumt 15, p. 284, 

Thii Coni of Klmnrlt^ TrimlUm m% Tmtnwa^^i. Lmd. June 29. 

p. ;M.b 


3 Kho"trir,al Powor Appiioti to liftilwitjs.. The Beaumont Gear. 

/-AL'fif., jilltr 2 m» |*» 241, 

On th«t TmiiHinIniflon of Elnoirloal Power Applied to B-allwaye. 
n riirtjirf. fill f /'Atfi , Jiinr I, p, ioH ; fIV.v/. ./{/mi,, jnne 2, p. 270. 

All tTiuiergroniid Kail way for Chioa^tn EAv, IfVA/, June 30, p.'334. 

llVi/, / ^ Iniir 4 tf^ |t 





CURI^ENT [August. r888.] 

INSTRUMENTS, MEASUREMENTS, &c. 

- 5 . NeTST Electric Standard. (Note I Zo»y /r t 

(Marcel Depre. ) ' ^ June 29, p. 6<H. 

Practical Electrical Units. W B Esson i f 

June 8. p. 535. (ConcI d from p. ser.) W 

On Compensated Resistance Standards, (in ( p I Nw i,^i- a 

A New Form of Galtranometer. (in) /r/,., r,i/,,,.// r 

.Wr..., June 8, p. 273. J'"’" -• P- “78 ; 

Geyer & Bristol’s galvanometer based on the hentino- effert nf n, 

. c.,.,p..„a p„, „„ » 

(.U ) A,W u„c.„ 

June 15. p.' 575 ' 

Taylor’s Galvanometer, (in.) ju„e 15. p. 640. 

A Swinging- Arm Galvanometer, (m ) r >4 m.aI a r 

Eugrs E.A/.r. 7 r„,o-. June, p 259 Am. Imst. Elec. 

A Simple Electroscope. /;/,.,■ nw/d. June 23. p. 329 

A IsTeisr Insulator for DolicitA ; 

iiV^c;2., June 15, p. 189. ^ ^ ‘ Elecitiqztc; 

Siemens’ Conlomb Meter, (in.) /w. ju„e 15, p. igj. 

p*;- srrss."“■> 

""" mem^Tl!^! SX- Measuring Instru- 

(^n.) .ZW. AV.. 

New Current Meter. West lti,n, t 

A/rr«., June 30, p. 324. (Grove.) 

Novel Current Registering Instrument e--. 

(Thomson.) ‘ June 15, p. 284. 

^''s2^n'T8°“ New Photometer. 

22, p. 589. 


^^ond, Eiac, June 


[Auku*.:, HIt'AL LrrKRATUHK. xi 

|:ArTI-,Mt!-., lA J'U-rUtM.VSIS, Ktc. 

On tilt) Miixlriiiuii Cliil vntiic F<jlnriBatJ(vn of Platinum Electrodea 
in Hnlphurlc Aoifi. A /.'A, jtnu* ifj, p. 1S5, 

A Conninni lUimry in which tho Noiiativo Electrode is Car- 
bfjn, M M, }'j .V I‘4rk4'i. //wvv. AVr'., Jijiu- 15, p. 650. 

Carbon lkbH,'lro(b'^ti, iXutr.i Avb, hw:j: /-'Ar. /'.’wy*., J'lnie 22., 

V ■ - 

Testing VVnf.or, HV?A/. p. 2^4. 

A (Is.ivn noinotrle UU.) ./uW, bVvA/, June !(», p. 302.. 

(dn.-b ) 

Blectroutatl<‘ Attmotiou of Kleetrodes in Water and in Weak 
Holut.innu. f . . A';'.",, hua.’ |>. 2. 

A New Conutfint C'ell. ./•'A-r/.-, ,■ / f, C-''- ///., June 2.'i, p. 670., 

'Magneuinin in Primary /rv.5'/, AVe"//,, June 30, {>. 320* 

Feiari'/,at'lmt of i-djiliiium Piates. .XJune 22, p, 2ty>. (Draper.) 
Biectroinotive I‘*oree rtf C*»lin. t '.N.M{e,| /e;/,/. AYo'. June 2u, p, 003.. 

The ’* Voltaie ** Balance. Dmic. A’Ay. A'//;;-/-,, June 29, {>. 612. 

Difference ef Potential between Metals in Solutions of Diff'erent 
Btreiiiittiic fisur jv 273, 

Tlie Minim It in Point of (botiige of Poiential of a Voltaic Couple. 

i». ^ * t♦ S' r, i t' n ,/. k . #/,. bn'if22, |■». re*. 

Effects of Dlfferenl Jhadilre Mrdals, ^fec.» upon the Changes of 
Potential itf Vi»l,ta.li’, Co-upbat. -D. tlurr. A(W. A‘Ar. A>/.'/r., Jmie 
-D. p, ^.12 

On tb«» (Inuige ef PiUentlal of a Vottalo CotipU) by Variation 
of Htrength cf its Idgnbb U. ilMi-e. /mJ, /.7o7r> June 29, p. 2I7. 

PossBrllities 'find Limitations of Chemical Gonerators of Elec- 
tflclt^x D1 5 Is.tutsN 0 . riMi'kiu', Am. lu'.t. Idee, Lump's. LotiJ. A‘Ar. 

/ r* ^ , fat* , p 11; ,,V y / A. jiuir* p. 29H ; As//*'/, AAr. .AV'C.», 

jtsu< i. p f''2 i . jss'ur 5, p 202. 

I'leport by Alaluistto’* Catehotisrt Co, on tlte WeyinerBch Bat¬ 
tery, b-ur’ 2-\ p. 2;s>; AA^r^ Aoro'. June 22, |>. 593; 

/>»#,%;, J , I use 2-\ p. O'; ; /l-xy* Jour 22, p. fcy 

The Hidianschlf^ff Battery. iL1,| /en'Y.AAr. AV'C., June 22, p. 166. 

Clark Hln.ndard C<dls. <Xetr..) /.e/^uPAVo-a,, June 29, p, 250. 

Clark Htftndard i-ells. Dur.md Wtiesiruau, AVrr, /PtaA/, June 23, p. 3 I 7 * 

The Bamson Vrhtmry llaitery* iill.) AVVr; BVA/, June i6, p. 307; 
A\ r. /.’.V*. AV... June If#, |r H. 

QaBBimr'it Dry Hitit«ry. ( Ill,) /.I'fiJ. l-'Mt. Kn>rr., Jun« 21), p. C)o 8 : 

fins’ .*0. p 29e. 



INDEX OF CURRENT 


[August, 1888.] 


Mi 

Effect of Chlorine on the ElectromotiYe Force of a Voltaic 
Couple. G. Gore. Roy. Soc. V, V. Elec. Rev,, June 30, p. 6; Loud. 
Elec, Rev., June 8, p. 621 ; Sci, Am. Supp., June 2, p. 10,351 \ N.Y. Elec. 
Engr., June, p. 244. 

Electrolytic Deposit of Pure Iron. Sd. Am,, June 9, p. 359 - 
Experiments on Electrolysis. Elec. World, June 30, p. 333* (Rond, 
Phys. Soc.) 

Experiments on Electrolysis. W, W. H. Gee & PI. Holden. Phys. Soc. 
Lond, Elec. Engr., June 8, p. 548 ; Rond. Elec. Rev., June i, p. 634 - 

Alternate Current Electrolysis. Comptes Rendus; Lond. Elecn., June 

29, p. 237. 

The Electrolysis of Mercury. (Corr.) P'. Higgins. Lond. Elecn., June 
15, p. 188. 

The Electrolysis of Mercury by the Action of an Alternating 
Current of Electricity. Lowrie-Hall. , June 8, p. 157 ; 

Md. LU ^ Bt., June 21, p. 640; hidnst., June 15, p- 597 ; Lond. Elec. Rev., 
June 8, p. 635 ; Elec. Wodd. June 30, p. 333. 

The Copper Accumulator. BElectrkite; Lond. Elec. Engr., June 15, 
p. 566. 

Ati Improvement in Secondary Batteries. (Sellon.) Science, June 
15, p. 284. 

The Carriere Accumulator Scmice, June i, p. 263. 

Report of Prof. Kohlrausch on the “Tudor” Accumulator. 
Lond. Elecn., June 15, p. 180; Science, June 29, p. 307. 

ETew Types of Storage Cells. (Note.) Lond. Elec. Engr., June 15, p. 556 

Accumulator Tests. (Note.) Lond. Elec. Engr., June i, p. 507. (Prof, 
von Waidenhofen.) 

Secondary Batteries. (Note.) H. F. Bowling. I.ond. Like. Rev., June 29, 
p. 706. 

The Management of Accumulators. (Corr.) Sir. David Salomons, 
Lond. Elec, Rev., June 22, p. 687. 

Secondary Batteries, (Corr.) H. A. Kent. Loud. Elec. Rev., June i, 
p. 609. 

Electric Storage. ( 111 .) P. Atkinson. West. Elecn., June 23, p. 309; June 

30, p. 319- 

Practical Notes Concerning the Construction, Use and Manage¬ 
ment of Storage Batteries. A. Reckenzaun. J.ond. Elec. Rev., June 
22, p. 665. 


UNDERGROUND WIRES. 

Underground Electric Conductors in Europe and America. 
G. W. Plympton, Am. Inst. Elec. Engrs. Lond. Elec. Engr., June 15, p. 
563 ; Lond, Elecn., June 8, p. 143 ; N. Y. Elec. Engr., June, p. 260. 











iSUKX OF CURKKNT 


[August, I-" ! 


xiii 


Uadorground Conduit Matters In Boston. MJ. U. lit., June 14. 
Tiurinomudlng nisoussion of the Wire Problem in New York. 
Undergroun.l Conduits. (NoU-.l /..W.June 29. 

I^ying"nn<lergrou«<l Conductors. (IH.) Chas. W. Karquhar. ZW. 

AM . AV: .. jun'^ ^ 


11 K H M o j*: IJ’H * T HI c rr V. 

A« some Early fomt** ®ln«trlc Furnaces. K. J. Ilcniston. Jvur. 
° ;r /■/.., AV. .. J...... ..l. 5.... .Nap-'n Kl-uric Furnace,. 

/..Mr, Fl'n. /»<A. jiuir, Jt. 475 > tSirnti-iis' Klcclnc I'urnace.) 

A Note on itanlFs Tln.rmo-Battery. M. AZr. ]««<■■ 20, p.605. 

Thermo. Batterlos. ^Notc t hmJ. A/o . junesy, p. 604. 


MtsrFl.I.ANFOUS. 

CoUo<Uo,r for Testing an EltM-trlc Charge. A'. T- AZr. AVr... (Jon- 

t.ivhlii jnnr pi*. U ’i. 

A New Iflle<-trl<* Coml.lmitUm l^n-k. AZy, U’ioM, Jinw ■), p. •-■<| 4 . 

An Khu-tri.- Hgeed Recorder, r., 11, lu.rnv .F. F. AA-.. Jnm- 

Electrical Engineers, v r, / A., Av,j.mr :i... p. .p 

On Ho,no t-hen.une,m of Imperrect Ground. (111.) (Urn.) A. 1,. 

kruM.lh, 1. /.V,. AV ,l.me:„.,p. ^ 

A New Joint for Klectrle Fixtures. (III.) 'V* 1 • Afrr. 

Against F;xecutl*>n l>y Electricity. A. 1./Z". A.... Jmn ,1 i 
Electrical Work In the West. . I A^ ., jinn i’. > . 

o'™*..™;;7.- 

A', r. / - 1 j‘***‘‘ 

ElectrU-al Wo,*ld FortmllH, 1 . luhvard W.-Kn,n. A/n. If June .. 

fWilti ..r.yyT,,. 

Experimental Apparatus for Schools. &0. (Ill.) ./'>'■• 

Whit Bhall We Head f far,!. Tln«. !>. AYrr. IFcrAZ June 

a,, p. <14. l’.nl M. juar je. p. 

Carbon In the Hun A V. IF*,/./. Imf v, p 



3C1V 


INDEX OF CURRENT 


[August, 1888.] 


Xietters for Liearners and Unprofessional Readers. H. D. Wilkin¬ 
son. (Cont d from p. 4 ^*) Loud, JElccti,^ June 8 , p. 14^ ! June 22, p. 210 , 
June 29, p. 246. 

A Kew Insulating Compound. Chroniqtie Industrielle ; Elec, World, 
June 16, p. 304. 

Making Insulated 'Wires for Electrical Uses. (Ill.) Set, Am.; 
West. Elecn.^ June 16, p. 293. 

Okonite. Lond. Elec. AVz/., June 8, p. 616. 

The Insulation of Conductors. (Ed.) Lond. Eke. Eev., June 29, p. 689. 

An English Tribute to American Manufacture. (III.) Lond Eke. 
Eev.; Md. Li. ^ Lit., June 28, p. 669. 

Testing of Earth Resistances (Corr.) (Ill.) J, IE Pomeroy. Lond. 
Elec. Eev., June 22, p. 688. 

Railway Accidents. (Corr.) W. R. Sykes. Lond. JLlec. Re 7 K,]\m(: i,p. (m. 

Kotes on Electrical America. J. Swinburne & R. P. Sellon. (Concl’d 
from p. 571.) J..ond. Elec. Rev., June i, p. 59 ^* 

Special Magneto Bell. (III.) June 30, p. 317. (Ry. Tel. 

Sup. Co.) 

Dynamo Tenders* Rand-Book. V. JR Badt. West, hleen., June 
16, p. 296. 

Electrical Scale. (Ill.) IVest. Jlleen., June 2, p. 277. (I^'^E'C. Advtg. Scale Co.) 
Death of Sir Charles Bright. West. Eleen., June 2, p. 269. 

The Electric Resistance of Copper at Low Temperatures. Eng., 
June 22, p. 625. 

The Thomson-Houston Electric Company. Eng., June 8, p. 55B. 
Electricity in the Nary. (Note.) Indnsi., June i, p. 554. 

An Electric Organ. Indust., June i, p. 546. 

A New Electric Regulator. ( 111 .) Set. Am. Supp., June 30, p. 10,4x6. 

Papillamatous Tumor of the Bladder Demonstrated by Means 
of Lester’s Electrocystoscope. ( 111 .) F. N. Otis. Set. Ain. Supp., 
June 2, p. 10,354. Br. Ma-K Nitze. June 2, p. 10,353. 

Progress of Electrical Science. .SVE Am , June 2, p. 340. (Elisha Cray.) 
Execution by Electricity* (III.) ScL Am., June 30, p. 407. 

Woodhouse and Rawson’s Switch-Board. (Ill.) Lond. Elec. Engr., 
June I, p. 5x9* 

Woodhouse and Rawson’s Distant Electric Gas-Lighter. (Ill.) 
J^ond, Elec. Engr., June 29, p. 608. 

Indicator Magnet. (Ill.) I.oml. Eke. Engn, June 29, p. 609. 

The Copenhagen Exhibition, /.and, Elec Rev., June 22, p. 674. 
Melbourne Centennial Exhibition, /..ond. Eke. Re 7 /., June 22, p. 674. 
Glasgow International Exhibition. (Ill) Lond. , June 29, p. 239. 



1 I 


I t l.i I UU At, l.J I KHATI RE. 


XV 


Dtmtli !»>■ tl“> Kl«unrl« CwrrMnl. R. M. Ilumer. Klcc. World, 

) j Alt'*. I'nR-. Am, i’hilos. Soc. June l6, p. 

Tnur'Vi. !< i-!" ’■ 1'- 588, 

M. I)>Arnu«v.a -u I>.uvir..nm« CurrMtUfl. /-/.v. /IV/,/. June 16, p. 305. 
Nut.- >»i‘ Htun-h in WritamB. 1 '.. 1 -. Roberts. /Hoc. World, 

lutir «*, !'*■ 

Uulauy’tl Biifoiy for lAnmnmt. f. W, S. Cniwk-y & H. Nalder. 

I , Phi / i*' *'* I*' 

lirpuit "1 O'.c <l‘.- rltr.l ot thf itfviee in sliuntinK the current from 

llir huill.m 1-"!'- 


IXumor from B-ao.-tri.- Wln-B. j.me p- 

l*rol..<-tlon of llto Human Hotly IVom »aay«routi Currents. P. B. 
-..uu N... in-.*. l '>- ‘ -i.--. A . AZ-v. /Vr/t,June,p.244; A.’"'/- 


/vc. , / f#. » , ‘ - I' V 

An oil Iiumliituf f-ir HJtafkUut. 
Arid or lU-iiin for W‘r.. Jt.JiHH. 

julH ■.‘''t !♦ ^ 

M«tn**^^^*^*** till.I ^ 

HI , .*»* I’*' 


.111,1 /.hmi. June 22, p. 207. 

I Sr.tr.■JAi' /-A Aiw/A .A’Ar;/., 

i R. t.iirs. AAv. //w *44 June P- 
Vt/, /vVti;., June p. 30B; June 30, 


Mai, m-Unm l» Watuboa. Ih.- t.oh., A..-oV .V. K, /-:/rr. AW-., 

In... o. P r 

No« MH.s»»iotl*' Haiaitfu amt Alloya. A- >..■/"• /-w.. -3. P- 

Anollmr Klm-trl- Alarm CHh-K Amusement. A/,r. II-W./, June, 

I ft, I*. Iff!. 

Tim Ph-o MattOotU- rioefe. llf< ' ^ A..-,, .Im" /<'. I- 

Court of Pali.m Ajii»«.tlB. I',/. It ■ ' /A'.. 

TUo PfUoiu WorK of llm Nattoual lAg it, asoo a 

I' / Id, I nw I*-. V 

,, , , „ , if,,ir„rmliy l« Patent Oflloe Practice. 

Thu Pali.nt Court amt "“‘"f|utie 2 , p. 283 ; 

A , I / e . ' , |uli»\ P- 

Thu Art of Mart-h ». iWl. aiul How it Affects Patent Practice. 

w. 1 . II ,t««- tK P- :i“3. 

A Cmin of Puti'Ut Aj»i»**al8. H'of, /a-'f.. J"”® *3’ I’" 3 

Bhmtrlual PaluiUB a. ‘- r !'■ 

<■« ownr" Wires and Other Things. 
Ughlning Induction i« ^ .Sy, 

O oil,; ti. M .'-nJTls h'ftl , f» - 1 

Sauiuler#' Idyhwdng ttuard. -Vo. - tm , Ituu- H*. p- n -3 3 



XVI 


INDEX OF CURRENT 


[August, 1888 .] 


The Protection of Buildings from Lightning. Dr. Oliver I.odge. 
Lond. Elecn.y June 22, p. 204; June 29, p. 234. Lond, Klee, June 22, 

p. 594; June 29, p. 613. 

Electric Welding. O. K. Stewart. Boston Elec. Club. Md* JJ, 

June 7, p. 602 ; West, Eieai.^ June 23, p. 311. 

Welding Rails by Electricity. (Corr.) O. K. Stewart. N. Y. Eke. 
Engr., June, p. 268. 

Electrical Welding. Science, June 8, p. 273 ; Indust., June 8, p. 572. 

Am. Inst, of Elec. Engrs. West, Elecn., June 9, p. 288 ; June 16, p. 297 ; 
June 30, p. 323. 

Annual Meeting of the Am. Inst. Elec. Engrs. A". V. Eke. Engr., 
June, p, 269. 

Kotes on Induced Currents. (Ill.) G. Doyle. Md, It. I/t., jxim 
21, p. 641. 

Progress of Electrical Science. IGisha Gray. iV. K Eke. Rev., June 
16, p. I. Extract from lecture. 

Paramagnetism and Diamagnetism. (Corr.) J. A. Ewing. I .end. 
Elecn,, June 22, p. 220. 

The Theory of Diamagnetism. Cosmos; Eke, World, June 16, |>. 3<)(), 

The ConductiYity of a Vacuum. WiedewanEs Ennakn ; Eke. H 
June 23, p. 315 ; Zond, Elecn., June i, p. 105 ; .Seienee, June 2(), p. 308. 

Unipolar Induction. (Tll.l G. W. de I’linzelmann. lAOid, Eken., 

P- 139 ; Jtine 15, p. 171 ; June 22, p. 203 ; June 29, p. 232, (Corr.) N. (). 
Thompson. June 29, p. 250. 

Analogies of Heat and Electric ConductiYity. (Note.) I.ond. Elecn., 
June 29, p. 231. 

Electric Oscillations. (Ill.) (Corr.) F. ing-;.inK. AV,v«., Jun.' i, 

p. 126; June 8. p. 156 ; June 22, p. 220. 

Irreciprocal Conduction. W. W. ii. Cec & 11. Holden, riiys. Soe. 
Lond, Elecn., June 15, p. 184. 

Method of Comparing Very Unequal Capacities, Dr. A. H. h'ison, 
Phys, Soc. Lond. Elecn., June 22, p. 215. I.ond, Eke. Engr., June 15, 57.1, 

What is the Specific Resistance of Copper? (b B. Piescoti, 
jV. V. Elec. Engr., June, p. 242 ; I.ond. Eke. Rev., June 29, p. (198. 

The Electro-Crystallization of Metallic Copper. M. N. Warren. 
Sci. Am., June 9, p. 356. 

On the PormulsB of Bernouilli and Haecker for the Lifting 
Power of Magnets. S. P. Thompson. (I.ond. I‘hys, Soe.) Eke. 
World, June 30, p. 333. Land. Elec. Engr., June 8, p. 548. 

Electrical Stress in Dielectrics. Ab V. Eke. Engr., June, p. 264 
Rucker & Boys. Soc. Tel. Engrs. & Eleens. 

Balancing MCoYing Parts. (Corr.) Elec. Wo/Id, june 16, p. 307. W. A. 
Anthony. June 23, p. 316. 











[August, 1888.] ELECTRICAL LITERATURE. xvii 

A NeizsT Erictional MacMne. Sd. Am., June 2, p. 341. (Tudsbury.) 

The Wimsliurst Electric MacMne. (Ill.) Sd. Am. Supp., June 2, 
p. 10,352. 

Influence MacMnes from 1788 to 1888 . (Ill.) S. P. Thompson. 
Lo 7 td. Elecn., June 8, p. 149; June 15, p. 181; June 22, p. 211 ; June 29, p. 
247. Land. Elec. Rev., June 8, p. 633. Indtist., June 8, p. 574. Soc. Tel. 
Engrs. & Elecns. 

The Electrification of Yapor. (Note.) Lond. Elecji., June 8, p. 135. 
(Soret.) 

Atmospheric Electricity. Electrotechniscke Zeitschrift: Elec. World, June 
23, p. 314; Lond. Elecn., June r, p. 105 ; Science, June 22, p. 296. (Weber.) 
JV. y. Elec. Rev.. June 30, p. 4. 

Some Peculiarities of Atmospheric Electricity. JL. Y. Elec. Rev., 
June 30, p. 4. 

Magnetic Qualities of Nickel. J. A. Ewing & G. C. Cowan. Roy. Soc. 
Lond. Elec. Engr., June i, p. 514. 

The PassiTe State of Iron and Nickel. Sd. Am. Supp., June 2, 
P- 10,347. 

On a Theory Concerning the Sudden Loss of Magnetic Proper- 
ties of Iron and Nickel, A. Tomlinson. Sd. Am. Supp., 2, 
p. 10, 358. 

Influence of Temperature on the Magnetization of Iron. Lede~ 
boer. Science, June 15, p. 284. 

A Method of Indicating the Magnetic Change Caused by Heat. 
(CoiT.) W. B. Cooper. N. Y. Elec. Rev,, June 30, p. 9. 

Heating Magnets. (Corr.) Elec. Y^orld, June 2, p. 278. 

Tempering Magnets. Elec. World, June g, p. 2()i. (Ducretet.) 

The Critical Temperatures of Iron. JV. Y. Elec, Rev., June 16, p. i. 


MECHANICAL, Etc. 

The Baldwin Gas Engine. N. Y, Elec. Rev.. June 16, p. 8. 

The Hussey Heheater and Superheater. (Ill.) N. Y. Elec. Rev, 
June 16, p. 3. 

A New Belt-Holder and Shifter. (Ill.) Elec. World, June 9, p. 294. 

Combined Engine and Dynamo. (Ill.) Elec. World, June 23, p. 320. 
Engine of Browett, Lindley & Co. of Salford with Anglo-American Brush 
“Victoria” dynamo driven by Raworth friction gearing. 

Hea*ry Duty Engine. (Ill.) West. Elecn., June 30, p. 325. (Porter.) 

The WiUiams Single Cylinder Automatic Cut-off Engine. (Ill.) 
West. Elecn., June 30, p. 318. 




xviii 


INDEX OF CURRENT 


[August, 1888.] 


The Yiotor Turbine. (III.) West. Elecn., June 23. P- 3o6- 
The T 5 re 8 tiughouse Engine. (Ill.) Indiist., June 29, p. 631. 

SteSiin Cylinder Lubricator. (Ill.) Loml. Elec. Engr., June 22, p. 585. 
Bigg’s Engine. (Ill.) Lo^td. Elec. Engr., June 15, p. 566- 
Improved TTin Clutch Coupling for Electric Light Stations. (Ill.) 
Elec. World, June 16, p. 307 


1 


-I N I) E X 


OK 

CURRENT ELECTRICAL LITERATURE, 

cS:c. (July, t888.) 


'rELKGRAIUIV. 

Postal Telegraph ReYenue. (Note) Lo)uL FJeai,, July 27, p. 363- 

Post Ohlce Telegraphy. Eng., July 13, p. 38. 

Text of the Official Instructions for the Examination of Appa¬ 
ratus Issued hy the Postal Telegraph Department. Loud. 
E/an., July 6, p, 276 ; July 13, p. 310. 

Telegraph Survey and Construction. (Corr.) A. K. Gilbert. Lmd, 
E/a, /&?>., July 20, p. 84. 

Telegrapii Operators in Asia, it a/. E/an,, ]uly 14, p. tg.’ 

Telegraph Operators in Persia. Stevens. V. Sun,* /Imd. E/an., 

July 27, p. 372. 

Obituary. Hiram Sibley. (UU) E/a. //Vr/(/, July 21, p. 26. 

Seventli Annual Meeting of the Association of Railway Tele- 
grapli Superintendents. E/a. \Vor/d, July 2X, p. 31 ; N. V. E/a. 
//i’v,, July 2r, p. t); Md. /J, /E Jft , July 19, p. <>i ; West, ///ecu., July 21, 
p. 32. 

Telegraphing by the Clouds. Grubbe. SE. Am , July 7, p. 2. 

Speotro-Teiography. (Ill 1 p. Drcsiu^. J^Eec. Wor/d, July 21, p. 27. 

Dolany’'s ICey Anticipated-. (Gurr.) I*'. inj,jipns. /ond. E/een.^ July 13, 
p. 322. 

Belany’s Blactrical Bulletin Board. ( Ill.) /Eee. Wor/d, July 28, p. 38. 

Automatic Circuit Closing Key. (Ill) West. E/een., July 2r, p. 26. 

Combined Morse Inlt Writer and Sounder, (ill) SE. A m. Supp. 
July 2B, p. 10,477. 


TEhEPHONV, 

A Great Telephone Switchboard. (Note.) /,&nd. E/a. Eev,, July 13, 

1 % 44 . 

Vail and Seely*s Improvements ixi Telephone Exchanges. (Ill) 

dV, y, E/et, Eev, July 14, pp, 1-7. 

The Radio-Microphone. C. V. I.k>ys. Seienee^ July 6, p. 7. 



INDEX OF CURRENT 


[Sept., iSSS.j 


ii 


On Electro-Chemical Radiophony. Chaperon & Mercadier. Comptes 
Rendiis; Lend. Elec. Rev., July 13, P- 371 Science, July 6, p. 71 Id'otld. 

July 14, p. 15. 

C A Bell’s Water-Jet Telephone Transmitter and System of 
Telephonic Communication. (Ill.) G. W. de Tunzelmann. Land. 
Elecn., July 27, p. 375 1 Ind^l-> J“'y ^7, P- 89. 

The Graphophone. (Ill.) C. S. Tainter. Elec. World, July 14, P- 16. 

The Tainter-Bell Graphophone. (Ill.) Indust., July 27, p. 76. 
Phonograph and Graphophone Controlled by One Company. 
West, Elcen,y July 28, p. 39. 

Edison’s Phonograph in London. West. Elecn., July 7. P- i- 

On Some Possible Methods for the Reproduction of Gramophone 

and Telephone Records. E. J. Houston, Am. Philos. .Soc. Elec. 
World, July 14, p. 21. 

Reproduction of Articulate Speech and other Sounds. (Ill.) Sci. 
Am,, July 14, pp. 16-23. 

Introduction of the Telephone into Siam. F. Eke, Eev., July 14, 
p. 7. 

Xiife Saving Stations to be Connected by Telephone. iV. F. Eke, 
Eezf,, July 14, p. 7- 

Telephones for the London Police. iV. F. Eke. /kzf,, July 7, p, 4- 
Theory of Telephone Conductors. Set, A?n, July 7. p. 10,430. 

Bell Victorious over Cushman. West. Eken., July 28, p. 38. 
Practical Telephony. T. D. Lockwood. Eken., July 7, p. B ; July 

21, p. 31- 

How to Use the Telephone on Submarine Cables. Set. Am., July 
2L p. 37- 


ELECTRIC ITGllT. 

Electric Yacht Lighting. (III.) (Allen & Co.) Indust., July 27, p. 88 . 
Walker’s Marine Electric Lighting Plant. (Ill) EmuE Eke. /kv,, 
July 20, p. 62 ; Indust., July 27, p. 89. 

Electrically Lighting a Ball Boom Afloat. Lond. Eke, Rev.; Md. 
Lt lit., July 5, p. II. 

The Well-Lighted “Omaha.” JI. F. Eke. Ikzj., July i4» P* 8* 

The Adelphi Installation. Land. Eke. Enjfr., July 27, p* Bo. 

Some English Central Lighting Stations—Cadogan Station at 
Chelsea. Eond. Eken.. July 20, p. 334; 

Incandescent Street Lighting. (Note.) lornl Eke. July 20, p. 49 - 

The :Sun” Miners’ Electric Lamp, (Note.) Etwd, Eke. Engr., July 
20, p, 48. 






[Sept,, i8SB.] 


ELECTRICAL LITERATURE. 


iii 


Artistic Fittings. (Ill) III. Binswangei & Co. Lond. liUc, jt£ng-r., July 

6, p. 6, 

Electric lighting in Mines, Amv/a-, July 20, p. 30. 

Incandescent Eaiiip Experiments. Mascart. Zom/. Ekcjt.; Science, 
July 1.^, p. 21. 

A Table of Incandescent Lamp Leads. like. Worid, July 14, p. 20; 

I onti. I\ki\ July 27, p. 74. 

Incand(^8ctint Lamps for Boiler Inspection. like. World, July 7. p. 

7. (iUass.) 

The Ileislor Plant at Wabash, Ind. (Ill.) like. World, July 7, p. 4; 
liken,, July 7, p, 3. 

Auditorium Electric Plant. /LmL /iken., July 28, p. 39. 

Electric Liglxt in tlie Chicago Opera House. TEt’j/. Zlken., July 14 
p. LL 

A Portablo Electric X^mip. (Ill.) .SV/. Am. Supp., July 7. p. 10,429. 

Dovice for Cutting Lamps In or Out of Circuit. Mil.) Weet. Eken., 
July 7, p. 2. 

Eioctrlc lighting at the Brussels Exhibition. Jjmd. Eke. Eeri. 
July 219 p. 

The Cincinnati Exposition. Some of the Electrical Effects. 
.,’1/d. .Id. Hi., jtily p. le. 

The New England Electric Exchange Indorsed by the In 
Burauce Interests. .V. V. Eke, Eev., July 7, p. 7. 

Tiie New England Electric Exchange. Md. U. Hr Hi., July s> p* 
jutv 12, pp. 28, 29 ; jsly p. f4>, 

Tlu» Comimircial Aspect of Electric Lighting, Set. Am., July 28, 
p. *,2. 

Oas Companies and Electricity. ¥. W. Day. Zoml Eke, En^r., July 

2h. p. A) 

ElectrU* Bwitch lAghts. Uk\d. Eken., July 21, p. 26. 

Elec.tric Lights Pishing Nets. .SVL July 21, p. 40 

The Edison (Irmnul Detector for Electric Light Circuits. 

A, L. KfUinrlly, Eke. World, July 7, p, 6 ; l.emd. Eke. Jktf., July 27, p. 92. 

Danger from El 4 H,:trlc Lighting Wires. M, Mascart. Set, Am., July 
7. !>• »i> 

Elementary Testing Suitable for Electric Lighting Systems. 
*r. (h.e. Mil.) MuutM fr<»ui p. ^83. i^oml Eke. Engr., July 13, p. 2$. 

Electrllh!ation Metal Plates by Irradiation with Electric 
Light. I LiIIwiu:fis. Seienee, Jtily 20, p, 30, 

Experiments otx the Electric Arc. Seknee, July-6, p. 7. 

Phectric Lamp Posts. CNIeir.) Lomi. Eke, Engr., July 6, p. 4, 


INDEX OF CURRENT 


[Sept., i388.J 


iv 


ISTigM NaYigation on the Suez Canal. IndusLj July 13, p. 44; 

Lt. ^ July, 26, p. 85. 

The Most Powerful Electric Eight in the World. ( 111 .) Sa, Am. 

Supp., July 21, p. 10,455 ; ■A"'- AV?'., July 14, P- 9 - 

A New Electric Eight Mast Arm. (Ill.) (Reneban.) Wirr/d, 

July 14. p. 19* 

A New Focusing Eamp. (Ill.) West. Bkcn., July i 4 > P- ^ 3 * 

The Anglo-American Brush Company. Land. IJec. Ii 7 igr., July 20,. 
p. 53 - 

The Anglo-American Brush Corporation and the Eamp Ques¬ 
tion, Loud, Elem.^ July 20, p. 343. 

The Edison Eamp Patents in England. A" F. Elec, Engr., July, p. 
31,4; Indust,, July 6, p. 14; E^tg., July 20, p, 63. 

The Edison Patent Case in England. Md. Lt. < 5 r’ ///., July 26, p. S7. 
Enportant Decisions in England. A^. K. Elec. Rev., July 28, p. 4. 

The Incandescent Eamp Suits in England, Elec. World, July 28, p. 46., 
Important Electric Eight Decisions in England. Elec. World, July 
21, p 25. 

Edison and Swan Dnited Electric Eight Company Eimited ys. 
Holland and others. Lotid. Elec. Engr., July 20, p. (>i ; l.ond, hlecn.,, 
July 6, p. 264; July 20, p. 344; Lond. Elec. Rev., July 6, p. 9 ; July 20, p. 69, 

Swahy ys. Watt and others. Lond. Elec, hngr., July 6 , p. 17* 


DYNAMOS, SYSTEMS OF DISTRIBUTION, Etc. 

New Thomson-Houston Dynamo. (Ill.) V. Elec. Rev., July 7, p. 8; 
Lond. EliC. Engr., July 20, p. 58. 

Elwell-Parker Electro-Deposition Dynamo. (Ill) iMnd. Eke. Rev., 
July 27, p. 92 ; Indust., July 20, p. 66. 

The Baxter 100,000 Watt Generator. (Ill) Elec. World, July 28, 
p. 39 - 

A NoYel Combination of Engine and Dynamo. (Ill) llolmes. 
Elec. Woidd, July 21, p. 30. 

Practice in Dynamo Construction. R. Dobbie. Eke. tVorld, July 21. 
p. 26. 

Notes on Dynamo Construction. Sidney F. Walker, /jmd. Eke. Engr., 
July 13, P- 35 ; 20, p. 50; July 27, p. 72. 

The Construction of Dynamo-Electric Machines. C. F. Poole. 
Elec. World; Lond. Elec. Engr., Jnly 13, p. 38. 

Dynamo Construction. (Corr.) W. IL E.aves. Lond. Eke. Rev., July 27. 
p. 106. 


[Sept., iHHH.j 


K LECTKICAL LITERATUKK. 


Tli6 Coiiclitione oi liegulation in Dynamos for Constant Poten¬ 
tial. (iorr.) \\ . r». I'.sson. JUecn.^ July 13, p. 321. Guy C. Fricker. 

July j). 35U. 

IriiproYod Alternate Current Dynamo. (Mordey.) (Ill.) Sd, Am. 
Jtiiy 21, p. 10.456. 

Bmtueiir.y of DynainoB, (Note.) (I'untaine.) I: Idee trie ien; Lojtd, Elec. 

1^.3. 

ISTotcai oil Alternate CuxTents. (Hi,) j. A. k'leming. (G-Gnt’d from p, 143.) 

Lomi. Ek.n., July 2o. p. 334, 

New TraiiBl-ornnu'B, CNute,) (Doubrava.) Loud, Elecn,, July 6, p. 259. 
OontlmiouH ami Alternating Currents. Sdeme, July 20, p. 29. 

Reply to Harold P. Brown, MJ, Id. JJt., July 26, p. S8. 

The ContuuiouH Gnrrmu yb. The Alternating Current. G. II. Bliss. 

<‘hie I'.’aH . Giuh, A’. K. /'.'/<%■. /d/.y/",, July, p. 3x1. 

The ContiuiiouB Current, Dlinitod, ys. The Alternating Current, 
HnUiuHaui. nil.) G. t uUcr, Gbie. Klee. Club. .V. Y. Elec Engr., July, 

p. 

The Corupn,r«.tive Yaiue of the Alternating Transformer and 
ContiuuouH Curr<vnt System for Central Station Digiiting. 
1*’. H. M.idi, A', r. A/o . A 3 ao., July, p. 305. 

The Qauhtrd and Qibbt? Patent on Secondary Generators. (III.) 
July 6, j>. 263. 

Tlii» Tra.nsfo:rxner Catie. ; J.eml. Elce. Eev.t July 27, p. 96. (Gibbs 

I’co.uiti,) 

Gaulaial and Clibbs YS, FerrXintl, Lend. Eleen,^ Jwly 6, p. 278; July 13, 
(j, 3 m; /i'/#./. Eke, Erie, July 13, p. 47 ; Imimt,, July 13, p, 39; July 20, 
p. n... 

Note on (Aontliuious Current Transformers. S. P. Thompson, Fhys. 
Sni. i end, i‘'let. E.m;r,, July 6, p. 9; /j*tid. Ekcn,^ July 13, p. 31^ J /m/u.d.t 
July 6, p. G'*- ; July 0, p. 6 ; Lmd. Eke. AVa, July 13, p. 51. 

Working AUernaUtrs in Faralloi. (Corr.) Otto T. Blathy. /.ami. 
A.*e«., July 11, p. 321 , 

IDbunro Dynamic Rotation by Alternating Currents, (lil.) Fer- 
nui'^. Xt, Jm, AV///., jtdy 7, p. 10,429, 

Converters in America. Prof, inabes. Sec. 'Peh Phigrs. vN ideens, IVest, 
Eifiti,, July 7, p, I, 

tTnipedar Inductioxi, V, (III*) ik W. dc Tun?,dmann. (ConGdfromp. 234.) 

lend, Ek.n,, July 6, p. da*; July 13, p. July 27, pp. 365 - 3 B 7 - 
Fersoixai Safety and IIigh*Tan«lon Cxxrrent, Leo. Daft. (Ext, Pam. 

Daft K. L. Cad EmJ. Ekem, July 27, p. 373- 
The Admission <if Alternating Currents into New TorR City, 
Eki, Wafhi^ j 4 >’ P* 4*6 

■Tb# Balancixig Rotaiinf Bodies. (Corr.) E. F. C.arpenter, Eke. 
bVoV. July 21. p, 20. liiomki. Eke. lYarld, July 21. p. 29, 


INDEX OF CURRENT [Sept., 1888.] 

Balancing Armatures. (Ill.) (Corr.) Elec. World, July 7, p. 8. 
Balancing Moving Parts. C. Seymour. Elec. World; Loud. Elcc. Engr., 
July 20, p. 60. 

Thomson’s New Electric Welding Apparatus. (III.) Worlds 

July 7, p. 3 ; Lond, Elec, Engr., July 20, p. 58. 

Direct Electric ISTelding Machine. (Ill.) West, Elecn.^ P* 

Practical Application of Electric Welding. O. K. Stewart. Sci, 
Am. Supp.y July 21, p. 10,456. 

Welding Rails hy Electricity. (Corr.) (III.) E. E. Ries. JV. Y. Elec. 
Engr., July, p. 321. 


ELECTRIC POWER, Etc. 

The Engo Motor. (Ill.) Elec. World, July 14, p. JS; Y. Elec. Rev., 
July 14, p. 2 ; Lond. Elec. Engr., July 27, p. 78. 

On the Tesla Alternating Current Motor. J. Swinburne. Land. Elecn., 
July 20, p. 342. 

The Tesla Motor. (Corr.) P. II. Van der Weyde. A^. Y. Elec. Rev., July 
14, p. 3 * 

Motors in England. West. Elecn., July 21, p. 25. 

Belative Displacement of a Steam Engine and an Electric 
Motor for the Same Work. (Ill.) Elec. World, July 7, p. 3. 

A Problem in Alternating Current Motors. Wilke.s and Hutchinson. 
Elec. World, July 21, p. 28. 

The Application of Electric Motors to Mining. (Ill.) Elec. World, 
July 7, p. 7 - 

Note on the Governing of Electro-Motors. Ayrton and Perry, Phys. 

Soc. Lond. Elec. Rev., July 20, p. 6o. 

Small Electric Motors. 1 . 07 td. Elec, Rev., July 27, p. 97 - 

Electric I*aunches on the Thames. Lond. Elec. Rev., July 13, p. 40. 

Rechenasaun’s Electric Roat in America. (Note.) Eke, World; 
Lo7td. Elec, Rev., July 6, p. 17 ; Science, July 6, p. 6. 

An Electric Ferryboat. JY, Y. Eke. Rev., July 28, p. 2. 

The Electric Launch. West. Ekcn., July 7, P- 2. 

An Electric Bone Cutter, N. Y. Elec. Rev., July 7, p. 10, 

Pumping by Electricity. (Note.) Lo7id. Eke, Rev,, July 6. p. 18. 

Electric Locomotion. (Corr.) A. Reckenzaun. Lottd. Elec. Rev., July 13, 
p. 55 - 

Elect^^ic Street Cars. West, Ekcn,; ScL Am., July 2X, p. 41. 
Electrical Street Cars. Sci. Am., July 14, p. 22, 






[Sept., J.tHi.l 


I;i.Kt :tkical literature. 


vii 


Tho Plttsbursr Kbtctric Kallway. Mkc. Engr., July 13, p. 41. 

laapttotlutr tho ObMorvatory HIU Electric Road. St. Ry.Jour. 

July |» 

Rloctric I, hAcc» July 20, p, 75 j *.S£7 V/|£y\ July 

p. 7. 

SoiiMi Faoctrio i» N#w Eaglamd. (III.) Md. It lit, July 

IM. V- ^‘ 7 - 

Tm liUm DrMng ConiMioiloii for Bleotric Street Cars. (Ill.) 

j/i/. / /. ///.. July to, p, 

Tho Wail BlroiH Furry Eioetrio Boad and EHerated Terminal. 

( 111 . I A/. A'y, July, p, 

Advantagofi of ICIociricity for Eailroad Work. JV. V. Eke, io/yn, 

juiyi p. 

Tlunnmm llowiiton KhuHriiial Eallway System. (Ill) llkst Ekm„ 
July p, .r/. 

The Brjlwtlon of Muiiilriiml liapld Transit. (Ill) F, J. Sprague, Am. 
Iu»u, M'» IVi if., diVyfL, July 21, ju 27 ; July 2H, p. 40; JV, V, Eke, 

AVo, July pp, 7; Etrmf, July 27, p. 4s ; EAr, li\)rki Eupp,, July 21. 

Tint liloliiiioml EkuL, July 14, p. 20. 

Charter# for Haphl Tmnwit Cojiipanifi#. Uksi, Eken,, July 14, p. 13. 

The JuSien Bwitoh for Storage Battery Cara. (Ill) 

/•'♦>». IF - # 7 A j III) 21,1't. i 7, 

EleOirlo I^Hiottiolloil. il F, Klkwm, Ijmd, Eke, Etv,, July 6, p. 8* 
Aoinyiiulator# for Tramway#. (Nutr.) ImuL /l/rr,July 13, p. 26. 

Cfiit of Btoragit llaiiiiry Traailon lEndnoad. (Curr.) W. Bmckrn. 

St Ew fulyi p- 

|l.\l IIJUFS, KI.KiTkClI.VSIH, lvri% 

A Ntm Ch'iiintaiii Cell. CKoir) (FuldgI Fiirbw.) Umt Eke Eftjtn, 
July fh P' 'i I / *V,. July 14, p. mh 

Clark Biaiiilard Cull#. tin, mUE Eke Etfp\, July 6 , p- 

Briinary llatlerle# of Light Weight* /014*.. July p. 6B. 

The We,Ytiier»eh llailery. /■>(<.; Eii, Am,., July p. 38; A 7 K Eke 
AVr., i i rnfM July i.|, p, H , Mfi.t, July U, p. mi Seimee July 13* !>• 

The iriLuny Water Friiiiary Baiiiiry. fCerr.) J. T. Browne. Umt 

/*.Vi, , lutv 4 ':, p» 

The 0 *Etseiiaij Frlinary Ilailary and Iti Application to Bomeatlo 

Ebnilxtc UtrblSntr- Ol} A. ShwfliH'k. AVft. July 7. P-5- 

Oraxily ll«tli>ry »«. I)y«am«»». (Cnrr,) A’, T. Mtc. Engr., July, p. 320 

Eflr..ci« «.f inffitriml F<t*iUl¥» «to., Upon the Changes of 

Fou.ntlal i.f VnJlaio Cottpl«Mi. «S. (Abn, Roy. Soc.) lomf. 

Im. |..lv *■. Jt i», S i. .1f». July a«, p. i»476- 


viii 


INDEX OF CURRENT 


[Sept., 1888.] 


InfLuence of the Chemical Energy of Electrolytes Upon the 
Minimum Point of Change of Potential of a Voltaic Couple 
in Water. G. Gore, (Roy. Soc.) Lond. Eleai., July 27, p. 378 ; Land, 
Elec, Eev„ July 13, p. 38 ; >^7 20. p. 73 ; ‘S'a. Am. Sttfp., July 28, 

p. 10,476. 

On the Change of Potential of a Voltaic Couple by Variation 
of Strength of its Eiguid. G. Gore. (Abs. Roy. Soc.) Land, Elec, 
Rev., July 13, p. 37 - 

Effect of Different Positive Metals, etc., Upon the Changes of 
Potential of Voltaic Couples. G. Gore. (Roy. Soc.) Elec. World, 
July 14, p. 21. . 

Alternate-Current Electrolysis. (Ill) Ayrton & Perry. Land. Elccn., 
July 13, p. 299. 

Electrolysis by Alternate Currents. (Note.) Maneuvrier & J. Chappuis. 
Lo 7 id. Elec. Engr.y July 27, p. 69. 

Practical Notes Concerning the Construction, Use and Manage¬ 
ment of Storage Batteries. A. Reckenzaun. (ContVl from p. 666.) 
Lend. Elec. Rev., July 6, p. 7 ; July 13, p. 36. 

Apparatus for Storage Battery WorR. (Ill.) N. Y. Elec. Rev., July 
21, p. I, 

Appliances for Storage Batteries. JY. Y. Elec. Re7J., July 28, p. 10. 

The Gibson Storage Battery. (Ill.) Elec. World, July 7, p. 7 - 

Electric Storage. P. Atkinson. JVest Elecn.. July 7, p. 3. 


INSTRUMENTS, MEASUREMENTS, Etc. 

The Voltaic Balance. G. Gore. Lond. Elec. Rev., July 6, p. 14 *» 

Elecn., July 20, p. 337. 

A Bureau of Electrical Testing. Baltimore Stin; N Y. Elec. Rev., 
July 28, p. 3. (Johns Hopkins University.) 

Eaboratory Testing Stand. (Note.) 'Ehe En^r.; Lond. Elec. Engr., July 
20, p. 48. 

Discussion of the Precision of Measurements. S. W. Holman. Tech. 
Quarterly.; N. Y. Elec. Engr., July, p. 294. 

Portable Mercurial Barometer. Blakeslcy* (Phys. Soc.) Indust., July 
6, p. 19; Lond. Elec. Rev., July 13, p. 52, 

Stephen’s Electrical Barometer. (III.) Elec. World, July 14, p. 18. 

A Study of Certain Errors in the Constant Shunt Method. W. 
Xv. Puffer. Am. Acad, Arts and Sciences. Lond. Elec. Engr., July 6, p. 15; 
July 13, p. 39; V. V. Elec. Engr., July, p, 29X. 

Mr. Vernon Haroourt’s New Photometer. (Ill.) Lond. Elec. Rev., 
July 13, p. 39; Lond. Elec. Engr,; Md. IJ. <Sr* ///., July 5, p. 13* 









[Sept.. 1888.3 


15 LECTR 1 CAL LITERATURE. 


ix: 

Compariug Tory Unequal Capacities. (Com) Ayrton & Perry. Lomi. 

Kkt, HttK, July 2t), p. Ss. 

CompariTig ITery Unequal Capacities. (III. Corr.) A. A. Voysey. 
LiUtd. like, .kev,, July 6, p. 26. J. July 13, p. 54. 

Tlie Hicks Claes-Bead Hydrometer, (Ill.) Land. Ekm., July 27, p. 384. 

Tim Fhotometry of Color. Capt. Abney, (Phys. Soc.) Zond. like, kcv., 
July 13, p. 5 ^- 

Botormluatlon of the Ohm by Ulppmann’s Electro-Dynamic 
Method. M. U. Wuilleumier. Lmid. Elec. Rev,^ July 13, p. 41. 

Sir William Thomson's Hew Standard Electrical Measuring 
luHtruinentH. ( 111 .) See. 'iel. Kngrs. and lilecns. Loud. Elccn,, July 27,. 
p. 368. 

Sir William Thomson’s Composite Electric Balance. (Ill.) T. 
Cray, West. Ekrn,, July. 14, p. 14; Sci, Am. Aiipp., July 14, p. 10,445. 


lIKOHRliHOUND WIRES, Etc, 

Protecting Underground Conductors. ( 111 .) (Corr.) David Brooks,. 
Idmd. Eke. Err,, July t*, p. 20. 

Underground Electric Eight Wires, Eekme, July 13, p. 22. 

An Argument in Fa^or of Underground Wires. (Corr.) B. K, 
Sunny. E. Elee, AVn., July 7, p, 5; Ztmd. Eke. ketf., July 27,, 

Successful Underground Arc Eight Circuits. (Corr.) B, E. Spnny, 
HEd, Ekt w., July p. e* 

More Inffmimttion Touching Underground Matters and Alter-^ 
nating Curriuits brought out at Meeting of Board of Elec- 
tricftl ControL ( 111 .) E. Eke. A'm, July 28, p. 7. 

Underground EUiciric Wires. (Morten.) A% F. AAr. AV?.'., July 21:, p. 1. 
Fresi<lent iLynch gUm his Beasons for not Using the Conduits. 
JV. E. Eki, ket\, July 14, p, 9. 

Irish’s Comluit for Klectrlc Wires, (ilk) West. Ekm., July 28, p. 28. 
Detecting Ueaks in tJnd-mgmund Oonductors, E. A, Scott, Eke. 
II Jtily 2*^, p. 30 

Ov«rh<»a«I Wirtm. W. A. Anthtmy, N. V. Klcc. Club. Afd. It. & M., July 
5 . p. 7 ; .\‘. r, /.7c . July 7 . !'■ 2 . {>. 8 . 

Anxorican JnHtituio of Blootrloal Bngineero. ((1. W. Rlympton’s 
I'ajwr.) IfV./. July 7. PP- 5. 7. 


MECHANICAL, Etc. 

High and Slow Spood Kagines (III.) J. A. Powers. N. K PMc. 
h»xr., jtilv. 1 >. Si 8 <»; FJeen., July so, p. 337- 


X 


INDEX OF CURRENT 


[Sept., 1888.] 


Til© Curtis CombiiiedL St©aiii S©pa»ra»tor SiUd. Trap. ( 111 .) Elec, 
World, July 21, p. 30. 

Kotes on Belts and Belt Driving. J. N. Cooper. Soc. Tel. Engrs. ; 
Lond, Elec, Engr,, July 6, p. 7 - 

Nominal Horse-Power. (Note.) Land, Elec, Engr,, July 13, p. 27. 

Fuel Testing. Lond, Elec, Engr., July 27, p. 70. 

The Beaumont Epicyconoidal Gear. (Ill.) T. Arnall. Loud, Elecn., 
July 27, p. 387. 

On an Optical Model. A. W. Rucker. (Phys. Soc.) Lomi. Elec, Rev,, 
July 13, p. 51 * 

A New Feed Water Heater. (Ill.) (Hussey.) A". F. Elec, AV?;., July 
28, p. 3 ; Md. JJ, Jit., July 26, p. 86. 


MISCELLANIiOUS. 

The Moebius Flectrio Process for Refining Silver. K, Y, Elec, 
Rev,, July 14, p. i. 

De BausseUs Air Ship. U. Y. Sun; West, Elecn,, July 21, p. 26. 

An Electric Speed Recorder. G. H. Barrus. West. Elccn., July 1:4, 
p. 19. 

The Electric Spider. (Ill) Sd, Am, Supp., July 7* p* 10,430. 

A New Automatic Register. (III.) Y. Elec. JCev., July 28, p. 6. 

Electrostatic Transformers. Electrotechnische Anzeiger; Elec, World, 
July 2 t, p. 26. 

Compensated Resistance Coils. J. Swinburne. Elec. World, July 21, 
p. 26. 

Delany's Safety Device for Linemen, C. W. S. Crawley Sc H. Nalder. 
I^nd, Elecn,; Elec. World, July 7, P» 8 . 

■Villiers-Stead and Hag©man*s Electrical Automatic Delivery 
Box. (Ill.) iMnd. Elec, Rev., July 13, p. 35 * 

Electric Firing. (Note.) Colliery Guardian; I.ond, Elec. Engr., July 20, 
p. 4 ^>- 

Detector for Hot Bearings. (Ill.) /.ond. Elec. Jflngr., July i 3 » P- 37 * 

Weber and Schefbauer’s Insulation. (Note.) Land, Elec. Engr., 
July 6, p. 2. 

A New Insulating Material. Chronniiu Imitisirielle; Ind^n^^^ 
p, 67; July 27, p. 91. 

A Magnetic Hook. Eng., July 20, p. 68. 

Wilkes’ Pol© Indicator. (Note.) Indust., July 27, p. 9t- 

Some New Electrical Appliances. (Ill) Md. Lt lit, July 26, p. 
go. (Redding Elec. Co.) 



Ir- 


[Sept., 


l-: 1 ,KC 1 KICAI, LITEKATURE. 


XI 


Tl’OtiYO'B AilXAnoBCOpe. (ill.) l.’Eleclriden; N. K. Eke. Engr., July, 

p. 3 ‘M. 

Autoniatlo Grnuiul Switch. (Ill.) jV. V. Eke. Eev., July 14, p. 8 ; Eke. 
July i-i, p. H); West. Ekeii., July 14, p. 15. 

Kodgt>'H Patoiit DoubUt Polo Switch. (111.) /.««,/. E/ec. Eev., July 

I':*. (H'h 

Poublo Inatantanooue Break Swltoli. (Ill) /umd. Eke. Rev., 

July r;. p. imi. 

hjx BleetrU^ Bcninciing Instrument- (Note.) Cooper & 

Wig/rli. Eki, AVt\, jtiily 30, p, 74. 

llui Glfumer lulltuuu*e Machine. Eke. July 14, p. 14. 

A I^ew Influence Machine, (hi.) Set. Am. July 7, p, 10,430. 

The Burten Electric Heater. A'. F. Eke. Rev., July 28, p. i. 

Heat from Khictricily. E'kin., July 28, p* 39, 

Fite Alarm BIgnal Box. lilt.) K4>(7n» July 21, p. 2'6. 

Automatic. KhitHric Tmln^Starier. (III.) J/»/. •/./, < 5 ?*///., July 5, p. 12. 
Fiectric Bevel Grossing Signals. fKote.) Folks. Lond. Ehc. Engr., 
July *‘ 7 . F' 

New Annunciator ami Help Call. Ull.) F, Eke. AV?^ July 28, p. x. 
Electric Signals for Army Scouts. .V. F, Eke. Rev., July 28, p. i. 
An Iinprove<l Klectrical Annunciator. ( 111 .) Downertl, SeL Am., 
JuH OF 

A Magneto Klecirlc Walchman*i Clock. Ull.) Md. It. <y Jit., 
|uly t;. p. 

An ImprrJ^veU Magneto Call llell. i-vmi. .A/o", Rev., July 20, p. 65. 

llie ElectriioU insirllmtion of Time. Alirn U. Ilrowa. Prm. FMn. 
i.n.K / A., / f,, fuly 27, p. 83, 

HahiFs Time IhUJictor Waichineii, Mmt., July 0, p. 1. 
Electric Bight Slgnalu for Use at Sea. tSm.) Illrrhlcr.) Lend. Eke. 

/■ %’#•. fuly * ,1. I* 

OK«inU(* <;uiKtu«-U)r«. h-nJ. /.V., Eev.e ll'esl. Eken., July 28. p. 48. 
OKoniUt Wirt, tit KoglwMl. //*. hVi/.A July 7. p. .p 

N»>w AUttyit ftir Khtrlxic Goaductors. Eke. lEoM, July 

J«. p (•». 

Ttttt R.tlitttr.* nf Iron and htmd CoTorlng for CaWea. 

ItAti.l ... July 14 , p. >'j; lorn/. Eke. Engr., July27. 

1 > 'k\ 

l>«ad Chwttri.tl G»l»lt'». (N'ltitr.l /tiW./ A-a AVf., July 13, p. 46* 

Shaw niKl CouHi.tly’* Gamlttotora. (Ntnc.? /W, A/rr. AV»., July 20, 



INDEX OF CURRENT 


[Sept., 1888. 


xii 

Magnetism in Watches. O. Ericsson. Eke, World, July 14, p. 19; 
N. y. Elec. Rev,, July 28, p. 10. 

Aerial Photography. West, Elecn., July 14, p. 17. 

Photographing Lightning. (III.) L. W. Serrell, Jr. Elec, World, July 
14, p. 14. 

Lightning in an Electric Installation. (Corr.) Ernst Fahrig. Zofid. 
Elccn,, July 20, p. 351. 

Protection of Buildings from Lightning. (Ill.) Oliver Ixxdge. 
Cont’d from p. 236. Land, Eileen., July 6, p. 273; July 13, p, 302. (Corn) 

p. 303- 

Death by Lightning. Afd. Lt. ^ Eft,, July 26, p. 85. 

Lightning Arresters and Lightning Rods. Md. Lt, Eft,, July 12, 
p. 28, 

Lightning. (Ill.) S. A. Varley. fond. Elec. Rev., July 20, p. 66; July 27. 

p. 88 . 

Death by Electricity. Sci, Am., July 14, p. 26 ; Loml Elec. Rev., July 
13, p. 32. 

Electric Execution. (Note on Edison's Plan.) Sci. Am. .Sw/y)., July 21, 

p, 10,457. 

On Death by Electricity. E. J, Houston. Lend. Elec. AVr/., July 13, p. 34. 
Electric Killing. Lond. Elecn.; Md. Lt. ///., July 19, p. 58. 

The Influence of the Condenser on DisruptiYe Discharges, ( 111 .) 
E. G. Acheson. Elec, World, July 7, p. 2 ; .'V. Y. Elec. Jfev., July 7. p. 91 
Lond. Elec. Elngr., July 27, p. 80. 

New York Board of Electrical Control. Md, Lt. Lf //6, July 19, p, 16; 
West, Elecn., July 28, pp. 43 - 45 - 

The Electric Resistance of Copper at Low Temperatures* 
Wroblcwski. Sci. Am., July 14, p. 17. 

How the ConYention News was Sent. iMnd, Elec. Rev., July 7, p. 6. 
What is Electricity ? A. E. Dolbear. N. V. Elec. Rev., July 28, p. 2. 

Potential Geometry. 1 . (Ill.) Townsend Wolcott. Elec. tVorld, June 
21, p, 29. 

Experiments on Soap Bubbles and Electricity. C. V. l 5 oys. Eke. 
World, July 21, p. 26. 

The Breaking of Armature Wires. (Corr.) Royce k Co. f.ond. Elec. 
Rev., July 13, p. $6. 

Light into Sound. (Corr.) J. Palmer. Loud. Elec. Rev., July 13, p. 54 - 

On the Existence of an Dndulatory Movement Accompanying 
the Electric Spark. E. H. Cook, Phys. Soc. Land. Eke, Enjrr., July 
6, p, 9; lond. Elecn., July 13, p. 3x9; IndusL, July 6, p. 6; Lond. Elec. 
Rev., Jtxly I 3 » p. 52. 






[Sept., 1888.] 


ELECTRICAL LITERATURE. 


xiii 

The British Association of Medical Electricians. (Corr.) R. J. 
Tarkes. Land. Elec, Rev,^ July 6, p. 28. 

South Kensington. Examination of the Science and Art De¬ 
partment. (Ill.) Lond. Elecn.f July 27, p. 382. 

ConductiYity and the Atomic Theory. W. P. Granville. Lend, Ekcn., 
July 27, p. 381. 

The ITolta Prize and the InTentions of M. Gramme. (Note.) Land. 
Elecn., July 27, p. 364. 

Earth Current and Magnetic ObserTations at Greenwich. (Note.) 
JLond. Elecn,y July 6, p. 261. 

Betters for Bearners and Unprofessional Readers. (Ill.) H. D. 
Wilkinson. Lond, Elecn,^ July 13, p. 306 ; July 27, p.. 367. 

Aeration Currents. Dr. Wright & C. Thompson. Lond. Elec. Ent^r., July 
20, p. 59. 

Resistance at Bow Temperatures. (Note.) (Wroblewski.) Eng.; 
Science^ July 13, p. 21. Lond. Ellec, Engr., July 13, p. 26. 

Magnetic Perpetual Motion. Lond. Elec. Emgr., July 6, p. 4. 

Electrical Engineers. I. Messrs. R. E. Crompton ^ Co. Lond. Elec, 
Engr., July 20, p. 57 ; July 27, p. 73 - 

The Magnetic Qualities of Nickel. J. A. Ewing. (Roy. See.) lond 
Elecn., July 13, p. 307. 

Elliptic Polarisation of Bight in Passing through Uniaxial 
Crystals. Rucker, l»hys. Soc. Jndust., July 6, p. 19. 

The ElectromotiYe Force of Magnetization. (III.) Nichols & Frank¬ 
lin. N, y. Elec Engr., July, p. 303. 

Action of a Current of Air and of Illumination Upon the Elec¬ 
tric Strata which CoYer Conduct !yo Bodies. (Note.) Bichat & 
Blond lot. Lond. Elec, Reif.^ .Uily 20, p. 75, 

A Monument to Electricity. (III.) (T. A. Edison’s Laboratory.) W. V. 
Elec. Rev., July 7, p. 1. 

The Bondon Chamber of Commerce. Lond. Elecn,, July 27, p. 379. 
The Arc Works, Chelmsford. Lond. Elec. Re?'., July 20, p. 63, 

Messrs. Crompton CoCs Works at Chelmsford. Lond, Ekcn,, 
July 20, p. 344. 

Peter Robinson’s. Lond, Elec, Engr„ July 13, p. 31. 

Mr. J. W. Swan’s Garden Party. (HI.) Lond. Elec. Engr/jxxlyb, p. 12^ 
Royal Agricultural Society’s Show, NTottingham. (Ill) land. Elec. 

En^^r., July 13, p. 34 ; July 20, p. 52 ; Lond. Eleen. (Note.) July 13, p. 296. 
The Copenhagen Exhibition. (III.) lond. Eke. Rev,, July 13, p. 33. 
Glasgow International Exhibition. JndusL, July 6, p, 2 ; July 20, p. 49. 
An Electrical Section to the Bondon Chamber of Commerce. 
Lond. Elec. Rev,, July 20, p. 75 ; Lndust, July 27, p. 86, 

A Trade Association. (Corr.) K Garckc. Lond. Elec, Rev., July 20, p. 83. 

The Chelsea Electricity Supply Company. Lond. I^lec. AV?/. July 
20, p. 68. ' 



